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The Blueprint 
Language 

By HENRY C. SPENCER 8C H. E. GRANT 


This new coiiihination text and workbook provides 
an unusually complete and realistic training in the 
essentials of blueprint reading for the machine indus- 
tries. Over 100 major industrial companies have 
cooperated with the authors in the development of 
problems and illustrative material to make The Blue- 
print Language meet the practical requirements of 
industry. Empf'iasis is placed on the visualization of 
machine parts and their uses. The book contains 
extensive chapters on shape description, including 
views of objects; normal, inclined, oblique, and cylin- 
drical surfaces and edges ; and sectional and auxiliary 
views. There is a whole section on modern shop 
processes. 

The Blueprint Language is profusely and entirely 
illustrated with facsimiles of actual commercial blue- 
prints which cover general principles thoroughly and 
provide a wide variety of typical industrial problems. 
Pictorial drawings of the production-illustration type 
are used liberally throughout. Work sheets are pro- 
vided for each blueprint, and problem sheets are 
given at the end of each chapter. A teacher’s key, 
providing solutions for all work sheets, will be avail- 
able for use with this text. 

$5.00 


The Macmillan Company 




McGRAW-HILL • J^oiaiU Neiu e<UUo4U 


Radio Engineoring. New 2rd 

mdition 

By Frederick E. Tcrman, Stan- 
ford University. McGraw-Hill 
Series in Electrical and Electronic 
Engineering. Ready in fall 
A revised, up-to-date edition of 
this comprehensive treatment cov- 
ering all phases of radio commu- 
nication, written from the view- 
point of tlie engineer who is 
interested not only in qualitative 
descriptions of radio phenomena, 
but also in making quantitative 
analyses for facilitating design 
and research. 

Principles of Industrial Organi- 
zation. New 6th edition 

By Dexter S. Kimball, Cornell 
University, and Dexter S. Kim- 
ball, Jr., Bendi.v-lVesting house 
Automotive Airbrake Company. 
McGraw-Hill Industrial Organi- 
zation and Management Series. 
Ready in September 
Offers a lucid treatment of the 
internal organization and proce- 
dures of industrial enterprises, 
and considers industrialism from 
the broader points of view of eco- 
nomic organization in general. 
Much new material has been 
added on subjects of present-day 
importance. 

Elementary Engineering Ther- 
modynamics. New 3rd edition 

By Vincent W, Young, Okla- 
homa A. & M. College, and Gil- 
bert A. Young, Purdue Univer- 
sity. Ready in September 
The strong features of this text 
are (1) its coverage, which is 
unusually broad, in view of its 
design as the basis of a short, 
introductory course in thermody- 
namics, and (2) the simple 
method of treatment. The new 
edition offers revised discussions 
of flow energy, Joule^s law, en- 
tropy, etc. 



Engineoring Drawing. New 7 th 

edition 

By the late T. E. French; revised 
by C. J. Vierck, The Ohief State 
Uptiversity. With the assistance 
of Members of the Department of 
Engineering Drawing, The Ohio 
State University. 702 pages, 
$3.75 

The new 7th edition of this classic 
textbook has been completely and 
carefully revised, and new mate- 
rial, problems, and illustrations 
have been added to bring it abreast 
of the latest advances in engi- 
neering and pedagogy. New edi- 
tions of French and McCully’s 
Engineering Drawing Sheets, 
and Levens and ^Edstrom’s Prob- 
lems in Engineering Drawing 
will be available. Also available 
for fall clas.scs will be a series of 
TEXT-FILMS — sound motion 
pictures and silent filmstrips — 
supplementing selected parts of 
b'rench’s Engineering Drawing. 

Principles and Practice of Elec- 
trical Engineering. New 6th edition 

By the late Alexander Gray, Cor- 
nell University. Revised by G. 
A. Wallace, McGill University. 
Ready in September 

Emphasizes fundamental princi- 
ples. New topics include the 
emplidyne, ignitron, fluorescent 
lamps, tetrodes, push-pull ampli- 
fier, electronic timer, and strobo- 
scope. 

• 

Soil Mechanics. New 2nd edition 

By D. P. Krynine, Yale Univer- 
sity. $5J0 

Deals with the principles used in 
the design, construction, and 
maintenance of foundations of 
structures, and of structures them- 
selves, made of earth materials. 
All material has been brought up 
to date. 
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Direcb'Curranfc Machinery 

By G, C. Blalock, Purdue Uni- 
versity. 383 pages, $3.75 
A concise but balanced picture of 
basic and specialized d.c. machines 
and their controls. Free use has 
ben made of practical illustrative 
examples, problems, and illustra- 
tions, in order to give the student 
a real conception of the practical 
significance of the theory studied. 

Electronic Circuits and Tubes 

By Members of the War Train- 
ing Staff , Cruft Laboratory, Har- 
vard University. 954 pages, $7.50 
Together with its comiianion vol- 
ume Transmission Lines, Anten- 
nas. and Wave Guides, this book 
has developed from a special war- 
time training course given at 
Cruft Laboratory, preparing of- 
ficers of the Army and Navy for 
v\ork in radar and its applica- 
tions. The authors pres'ent the 
basic theory of electronic tubes 
and electric circuits employed in 
conjunction with electronic tubes. 

Production with Safety 

By A. L. Dickie, Superznsing 
Safety Engineer. 254 pages, $2.50 
Presents accident prevention as a 
profitable plant investment, and 
show's how control of accidents 
to workers, machines, and mate- 
rials will reduce costs and increase 
production efficiency. Thirteen 
complete safety talks are included 
and serve as a basic course in 
accident prevention. 

industrial Applications of 

Infrared 

By J. D. Hall, Westing house 
Electric Company. Ready in fall 
Gives essential data necessary for 
a clearer understanding of the 
place infrared radiation occupies 
in the field of heat transfer. In- 
cludes details on infrared lamp 
operating characteristics, descrip- 
tion of available infrared equip- 
ment, outline of simple test proce- 
dure, etc. 


Vary High-froquancy Tach- 
niquas 

Compiled by the Staff of the 
Radio Research Laboratory, Har- 
vard University. OSRD-NDRC. 
Two volumes (not sold separ- 
ately). 1045 pages, $14.00 

Presents those techniques, at fre- 
quencies above about 100 me, that 
are of general interest and value. 
Gives a comprehensive treatment 
of antennas, direction finding sys- 
tems, generation of continuous 
wave power, and reception of 
signals. 

Mathematical Theory of 
Rocket Flight 

By /. B. Rosser, Cornell Univer- 
sity, R. R. Nezvton, Bell Tele- 
phone Laboratories, Murray Hill. 
N. J., and G. L. Gross, Grumman 
Aircraft Engineering Corporation. 
OSRD-NDRC. 304 pages, $4.50 

Up to date, comprehensive, and 
definitive, this book constitutes the 
official report to the OSRD on 
the work done during the war at 
the Allegany Ballistics Laboratory 
in the development of the rocket. 
The presentation is reasonably 
nontechnical. 


Control Charts. An introduc- 
tion to Statistical Quality 
Control. 

By E. S. Smith, University of 
Cincinnati. McGraxo-Hill Indus- 
trial Organisation and Manage- 
ment Series. 184 pages, $3.00 

A text on the purposes, construc- 
tion, and interpretation of the 
charts of statistical quality con- 
trol, emphasizing practical appli- 
cations rather than the develop- 
ment of mathematical formulas. 
There is a detailed but nonmathe- 
matical treatment of frequency 
curves and their value in inter- 
preting statistical data. 


Send for copies on approval 

McGRAW-HILL BOOK COMPANY, Inc. 

330 Wast 42nd N.w York 18, N. Y. 
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NEW WILEY BOOKS 


INDUSTRIAL HEALTH ENGI- 
NEERING, by A. D. Brands 

A concise and practical treatment of 
the science of maintaining the work- 
er’s environment in a condition 
conducive to good health, and thus 
keeping all harmful environmental 
exposures away from him. 

Xoveniber. Approx. 395 pages 
Proh. price $6 00. 

ARCHITECTURAL CONSTRUC- 
TION, by Theodore Crane. 

Aids the designer in choosing the 
appropriate structural system and sec- 
ondary structural elements on the 
basis of geographical location, site 
conditions, t>pe of occupanc> . etjuip- 
ment, and architectural design. 
October Approv. 410 pages. Prob 
price $6 00. 

HEAT, by A. G. Worthing and 
I David Halliday. 

Offers a clear and thorough study of 
heat, written with emphasis on the 
exiicrimental rather than the theo- 
retical vievvpiiint Terms, symbols, 
and units have been carefully selected 
and definitions prccisel> phrased and 
consistently used. 

December. Appro.v. 610 pagc.s 
Proh. pru c $6 00. 

PRACTICAL JOB EVALUATION, 
by P. W. Jones. 

Presents the practical aspects of job 
evaluation. Points out the actual 
problems and pitfalls in formulating 
and installing a uniform wage pro- 
gram, and gives tested means for 
solving and avoiding them. 

January Approx. 303 pages. Prob. 
price $5.00. 

NON-FERROUS PRODUCTION 
METALLURGY, by J. L. Bray. 

Presents the same general plan, but 
features recent developments ; much 
additional material on aluminum, cop- 
per, magnesium, nickel, and tin; the 
solution of practical problems ; and 
applications of physical chemistry to 
metallurgical processes. 

Second Edition, September. Approx. 
587 pages. Prob. price $5.00. 


DATA BOOK FOR CIVIL ENGI- 
NEERS, Vol. Ill, FIELD PRACTICE, » 
by E. E. S*«ly«. 

The third volume is directed to the 
field engineer or inspector, and fur- 
nishes him with data on all aspects of 
his work. The material is divided 
into twi) sections — Inspection, and 
Sur\ eying. 

Norember. Approx. 305 pages. 
Prob. price $6.00. 


NOMOGRAPHY, by A. S. L«v«ns. 

A lhort)ugh study of the fundamentals 
of graphical methods which show how 
alignment charts can help engineers 
in many fields to eliminate tedious 
mathematical computations. 

December Appro.v. 161 pages. 
Prob. price $3.00. 


ELEM ENTARY NUCLEAR 
THEORY, by H. A. Bethe. 

Emphasizes the problem of nuclear 
forces — the central problem of nuclear 
ph>sics. The material is treated 
from the empirical point of view and 
the behavior of the simplest nuclear 
systems is stressed, 

September. ID pages, $2 50 


MAGNETIC CONTROL OF IN- 
DUSTRIAL MOTORS, by G. W. 
Neumann. 

Explains the performance of mott)rs. 
characteristics of control devices, and 
the function of commonly used con- 
trol circuits Emphasizes considera- 
tions governing the .selection of con- 
trollers for specific jobs 
November Appro.v. 589 pages. 
Prob. price $7 50 

VACUUM TUBE CIRCUITS, by L. 
B. Arguimbau. 

Presents, among other topics, an ex- 
cellent chapter on inverse feedback ; 
extended treatment of frequency 
modulation ; clear discussions of 
transient response of video amplifiers, 
pulses, and television ; and many ex- 
amples and problems. 

January. Approx. 656 pages. Prob. 
price $6.00. 


Other WILEY books on front cover and page 7 


JOHN WILEY & SONS, INC., 440 Fourth Ave , New York 10, N. Y. 
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NEW WILEY BOOKS 


I 


WIND TUNNEL TESTING, by Alan 
Pop#. 

An integrated work which covers 
design of wind tunnels, testing pro- 
cedures, and correctiems to be applied 
to wind tunnel data. 

September. 319 pages. $5.00. 

INDUSTRIAL MANAGEMENT, by 
the late R. H. Lansburgh and W. 
R. Spriegelt revised by W. R. 
Spriegel. 

This edition discusses the principles, 
problems, ideals, and successful 
methods of organization, and (»lTers 
new material on maintenance and 
more than 125 new illustratums. 
Fourth Rditiou, Saptembt'r. 656 
pages. $5.00. 

CORROSION HANDBOOK, edited 
by H. H. Uhlig. 

A condensed summarj of corrosion 
information, including a cross-section 
of scientific data and industrial ex- 
perience. Discussion is concerned 
largely with corrosion protection and 
the behavior of metals and alloys in 
environments at orilinary and ele- 
vated temperitures. 

January. 

THEORY OF LIMIT DESIGN, by 
J. A. Van den Broelc. 

Gives a clear dissertation on the 
fund.'imental principles that constitute 
a basis for the theory of limit design. 
Emphasizes ductile stress distribution 
instead of elastic stress distribution. 
December. Approx. 148 pages. 
Prob. price $3.00. 

POWER SYSTEM STABILITY, Vol. 

I, by E. W. Kimbark. 

The first of three volumes, this book 
.stresses transient stability rather than 
steady-state stability. Includes ele- 
ments <if the stability problem and 
simple methods of calculation ; under- 
lying theory for more accurate cal- 
culation ; means of improving system 
stability, including circuit breakers 
and protective relays. 

December. Appro.v. 356 pages. 
Prob. price $7.00. • I 


FUNDAMENTALS OF ELECTRIC- 
ITY AND MAGNETISM, by L. B. 
Loeb. 

This edition presents magnetic phe- 
nomena, followed by the electro- 
magnetic definition of current and 
potential. The gaussian system of 
units is used consistently throughout. 
Some historical material has been 
deleted to allow for important new 
information. 

Third Edition. September. Approx. 
669 pages. Prob. price $6 00. 

RAILROAD ENGINEERING, by the 
late W. G. Raymond, H. E. Riggs, 
and W. C. Sadler. 

The new edition of this “classic” has 
been completely revised in the light 
of technical developments and the 
establishment of new regulations 
The practical approach of the pre- 
vious editic>ns is retained. 

Si.rth Edition, October. Appro.v. 442 
pages. Prob. price $5 00. 

STEEL AND ITS HEAT TREAT- 
MENT, Volt. I II, by D. K. Bullens, 
and the Metallurgical Staff of Bat- 
telle Memorial Institute. 

Vol. I deals with the definitions, ter- 
minology, and fundamental concepts 
necessary for a discussion of heat 
treatment : with the principles under- 
lying various types of heat treatment ; 
and with evaluating the suitability of 
steel for heat treatment. Vol. II 
iliscus.ses the applications of the prin- 
ciples and the tools of heat treatment. 
Both volumes emphasize the practical 
approach . 

Fifth Edition. January. Vol. I. 
Approx 496 pages. Prob. price 
$5.00. Vol. 11. Approx. 295 pages. 
Prob. price $5.00 

FLIGHT ENGINEERING AND 
CRUISE CONTROL, by H. G. Moo. 

Gives a clear discussion of airplane 
engines, the ba.sic principles of their 
construction and the technicpies for 
their efficient operation. Covers air 
speed, power, altimeters, propellers 
and propeller efficiency, cruising tech- 
niques and flight planning. 

Nox^ember. Appro.v. 235 pages. 
Prob. price $4.00. 


Other WILEY books on front cover and page 6 


JOHN WILEY & SONS, INC., 440 Fourth Ave., New Yorh 16, N. Y. | 




ANNOUNCING 


New Fifth Edition 

MECHANICAL LABORATORY 
METHODS 

By Associate Professor Frederic W. Keator, Yale University^ 
(Formerly Smallwood and Keator). 

This text was designed as a reference and guide for laboratory courses in 
thermodynaiiiics and heat power. It is adaptable, for educational 
purposes, to the widely differing equipment and procedure, in various 
laboratories. The fundamental principles are so thoroughly covered 
that the student is able to apply them to specific cases. 

Its notable features include the wide scope achieved without any cur- 
tailment of the treatment of principles, calculations, or interpretations 
of results; the full coverage of the principles and details of testing 
important instruments, power units, fuels and lubricants. The 
student is not overburdened with descriptions of operation, apparatus, 
and details of instruments and appliances that are more readily 
understood by a physical examination or perfoimance of the actual 
devices. 

CONTENTS: Introduction; Part I. The Testing of Instruments: Weights 
and Forces; Pressure; Thermometry; Enthalpy of Steam-Calorimetry- 
Sampling; Angular Velocity; Time; Irregular Areas and Mean Heights; 
Power; The Engine Indicator- Reducing Motions; Fluid Meters. Part 
II. The Analysis of Combustion; The Constituents of Fuel; The Heat 
Value of Fuels; Products of Combustion; Theoretical Reactions of Fuels; 
Calculations from Exhaust Gas Analysis; Specific Heats, Energy and 
Enthalpy of Gases. Part III. The Testing of Power Plant Units; Prime 
Movers; Steam Boilers; Testing of Auxiliary Equipment; Complete 
Plant Testing; Tests of Refrigerating Machinery. Part IV. Miscellane- 
ous Tests; Tests of Lubricating Oils; Hygrometry; Total Enthalpy of 
Air-Steam Mixtures; Electrical Machinery; Appendices; Index. 

Approximately 392 pages 6X9 Cloth Illustrated Probable price S4.25 
Write for an examination copy of: 

MECHANICAL LABORATORY METHODS 

D. Van Nostrand Company, Inc. 

250 FOURTH AVE. NEW YORK 3, N. Y. 
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The Recent Fourth Edition 

STEAM AND GAS ENGINEERING 

By 

Professor Emeritus T. E. Butterfield 
Lehigh University 

Professor B. H. Jennings 
Northwestern University 

Professor A. W. Luce 

Pratt Institute 

Thia text provides the material for courses in Heat Power and Thermodynamics. It is 
exceptionally broad in its coverage, treating the entire study of the development of 
heat power from fuels -by means of steam equipment of all kinds, and internal com- 
bustion engines of all types. 

CONTENTS: Progress; Energy, Units, Laws of Thermodynamics; The Steam Engine; 
Properties of Steam; Steam Cycles; Thermodynamics, Testing and Performance of 
Steam Engines, Fuels and Power; Combustion; Combustion Calf*ulationa; Combustion 
Equipment for Steam Generation ; The Steam Boiler; Boiler Plant Auxiliary Apparatus; 
Steam Turbine Typos and Perfoimance; Turbine Nozzle and Blading Calculations: 
Condensers and Condensing Equipment; Steam Power Plant Cycles, Heat Balances; 
Gas Properties; Gas Cycles; The Internal Combustion Engine; Compression and Com- 
bustion, Internal Combustion Engines; Gas and Gasoline Engine Types; Oil Engines; 
The Gas Turbine; Compression and Hefrigerat’on ; Air Properties at Low Pressure; ph 
Chart for Ammonia; Steam Tables; Mollier Chart for Steam; Index. 

5SS pages G X 9 cloth illustrated $6.00 

ELEMENTS OF HYDRAULIC 
ENGINEERING 

By D. S. Ellis 

Professor of Civil Engineering and Dean of the Faculty of Applied 
Science, Queen's University, Kingston, Ontario, Canada 

This Ixiok provides the engineering student first of all with a concise treatment of the 
basic ideas and methods of hydraulics, and secondly, with a reasonably broad dis- 
cussion of the application of these ideas to the problems commonly met in practice. 
Elementary calculus and mechanics have been freely used throughout the book. 

CONTENTS: The Physical Properties of Common Fluids; Hydrostatics; The Stability 
of Flotation; General Principles of Fluid Motion; Flow Through Orifices; Weir Flow; 
Friction Loss in Closed Conduits; Conduit Losses Other Than Pipe Friction; Flow in 
Open Channels; Dynamic Effects of Fluids; Centrifugal Pumps; Wafer Wheels; Ventila- 
tion of Buildings and Mines; Fans; Water Hammer; Waves and Surges in Open 
Channels; Hydraulic Measurements; Index. 

277 pages 6} X 9^ cloth illustrated $3.50 

Wirite for examination copies^ 

D. Van Nostrand Company, Inc. 

250 FOURTH AVE. NEW YORK 3, N. Y. 
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ENGINEERING DRAWING 

By Leon Mark Sahao* This is a basic course which is closely artic- 
ulated with industrial practice. Stress is placed on accurate reason- 
ing, solving problems unaided and translating theory into practice. 
Noncsscntials are eliminated, and expositions brief so that maximum 
training is achieved in minimum time. pages. $3.50 



TIME STUDY and MOTION ECONOMY 

By Robert Lee Morrow. Here are the most up-to-date pro- 
cedures, details of methods improvement, complete calculations, and 
results obtained from lime and motion study praclic*es. Included arc 
the first organized presentation of applying time studies to the balanc- 
ing of work on conveyor lines, and reference tables of feeds, speeds 
and other data for metal working operations. .?.?.y pages. $5.00 


ORGANIZATION AND MANAGEMENT 
IN INDUSTRY AND BUSINESS 

By William B. Cornell. A new edition which follows along the 
same teachable lines which proved so successful in previous editions. 
The original text material has been revised to show latest practic’es 
and to include much new material. There has lieen a general reorgani- 
zation representing the soundest thinking in the broad fields of business 
and industry. Third Edition. 8i9 pages. $5.00 



LABOR PROBLEMS 

By W. V. Owen. This compact text gives a thorough survey of the 
principles and problems of labor economics. It is singularly free from 
the usual multitude of statistic’s and details which tend to obscure the 
real purposes of the (X)urse. As an aid to the organization of material 
and to facilitate the presentation of the principles of labor economics 
the labor market concept is used throughout. 566 pages. $4.50 


Till: ICILNALII niDSS I ILWrAXV 
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Charles Ellison MacQuigg, President 1947-48 


Charles Ellison MacQuigg was born 
in Ironton, Ohio, January 19, 1885. 
He received the E.M. in 1909, and 
later the honorary degree Eng. Dr. 
from Clarkson College of Technology. 
He was civil engineer on the Santa Fe 
Railway, 190^>1-10; assistant engineer 
of tests, Anaconda Copper Mining Co., 
1910-12; head, department of metal- 


ber, Executive Committee, Engineer- 
ing Division, Association of Land 
Grant Colleges and Universities ; Met- 
allurgical Advisory Committee, Na- 
tional Research Council with various 
assignments on NDRC ; Ohio Farm 
Chemurgic Committee ; Newcomen 
Society of England; Sigma Xi, Tau 
Beta Pi. AIMME, ASTM, ASM, 



lurgy at The Pennsylvania State Col- 
lege, 1912-17 ; engineering research and 
commercial development. Union Car- 
bide and Carbon Co., 1919-37 ; Dean, 
College of Engineering, The Ohio State 
University since 1937; also Director 
Engineering Experiment Station. 

Dean MacQuigg has been Lt. Col- 
onel, Ordnance Reserve, U. S. Army; 
Regional Adviser ESMWT ; Chairman, 
Ohio Water Resources Board; Mem- 


ASME, AAAS; Fellow, Ohio Acad- 
emy of Science ; Recipient of the 
James Turner Morehead medal of the 
International Acetylene Association ; 
the inventor of metallurgical patents, 
and author of many technical papers. 

Dean MacQuigg became a member 
of the Society in 1937, was a member 
of the Council 1939-40, and Vice Presi- 
dent 1942-43. 


Lamme Award — Warren Kendall Lewis 


To Warren Kendall Lewis for his great 
part in the development of chemical engi- 
neering in its modern quantitative aspects; 
for his contributions to its fundamental con- 
cepts, and to their many important applica- 
tions in chemical industry; for the vision, 
inspiration, and sound methods imparted to 
his students through the originality and clar- 
ity of his thought and ufriting and through 
his personal vigor and enthusiasm, 

Warren Kendall Lewis, twentieth 
T-ammc medalist of this Society, was 
born at Laurel, Delaware on August 
21, 1882. He was graduated from the 
Massachusetts Institute of Technology 
with the degree of Bachelor of Science 
in Chemical Engineering in 1905 and 
received his Doctor of Philosophy de- 
gree in Chemistry from the University 
of Breslau (Germany) in 1908. The 
honorary degree of Doctor of Science 
was bestowed upon him by the Univer- 
sity of Delaware in 1937 and that of 
Doctor of Engineering by Princeton 
University in 1947. 

Following his graduation from 
M.I.T., Lewis remained there for a 
year as Assistant in Industrial Chem- 
istry and returned as Research As- 
sociate in Applied Chemistry upon 
completion of his graduate work in 
Germany. In 1909, he became chemist 
for the W. H. McElwain Company 
but the next year was appointed As- 
sistant Professor at M.I.T. In 1912 
he became Associate Professor and 
since 1914 has been Professor of Chem- 
ical Engineering at that institution. 
From 1920 to 1929, he was head of the 
Department of Chemical Engineering. 
During the first World War, he was 


on leave with the War Department’s 
Chemical Warfare Service in charge of 
the coordination of research on gas 
defense. In World War II, in addi- 
tion to carrying temporary responsi- 
bility for the Chemical Engineering 
Department at M.I.T., he acted as 
consultant for the National Defense 
Research Committee and served on 
several advisory boards for the Man- 
hattan District. 

His major consulting work has been 
with the Standard Oil Development 
Company, Humble Oil and Refining 
Company, Goodyear Tire and Rubber 
Company, Eastman Kodak Company, 
Freeport Sulphur Company, and the 
General Electric Company, as well as 
with a number of other large companies 
through the Institute’s School of Chem- 
ical Engineering Practice. 

Dr. Lewis’ contributions to the the- 
ory and practice of chemical engineer- 
ing stem from basic research and inter- 
pretation which he has initiated or 
guided in such fields as the flow of 
heat, the fundamental properties of 
fluids, their particular significance to 
hydrocarbons, the mathematical treat- 
ment of rectification, and the theory 
of vulcanization of rubber. His work 
has reaffirmed the utility of the gen- 
eralized ‘‘equation” of state and has 
developed this theory as a working 
engineering tool through graphical 
manipulation of the relationships in- 
volved. It has demonstrated the mech- 
anisms of interphase diffusion as they 
occur in rectification, extraction, ab- 
sorption, drying and similar processes, 
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and has led to understanding of the 
mechanisms of combustion in solid 
fuels and of generation of producer gas. 

Such fundamental work has led to 
noteworthy accomplishments in many 
industries such as petroleum, rubber, 
cellulose, and amorphous materials gen- 
erally. Two examples of widespread 
industrial significance stand out. Lewis 
initiated the introduction of modern 
methods of distillation into the ])etro- 
leum industry, where he proved that 
principles previously used in other in- 
dustries could be adapted to the far 
more complex structure of ])etroleum. 
With Gilliland and others, he carried 
out underlying pioneering work and 
])layed a responsible part in the devel- 
opment of the fluid catalyst cracking 
jirocess. The original concepts uj)on 
which this process is based were pro- 
mulgated in 1938. First utilized on a 
large scale during the war for the 
production of aviation gasoline and 
.synthetic rubber, this process now is 
also largely used for high quality, low 
cost motor gasoline. The plants em- 
ploying it represent an inve.stment of 
over $200,000,000 and additional plant 
is planned to provide 40 per cent more 
capacity within the next three years. 

In 1936, the Perkin Medal for 
achievement in applied chemistry was 
awarded to Dr. Lewis by the American 
Section of the British Society of Chemi- 
cal Industry. 

In his teaching. Dr. Lewis constantly 
has sought effective ways to stimulate 
intellectual initiative in his students. 
In the classroom, through examples 
emphasizing both the quantitative and 
the qualitative elements in a problem, 
students are forced into situations 
where they must do analytical thinking 
of their own. Laboratory work is made 
a genuine investigative procedure and 
the research point of view is developed 


even in undergraduates through a re- 
quired thesis. With a broad interest 
in and appreciation for physics and 
chemistry, he has taught vigorously the 
application of jnire science to the solu- 
tions of the problems of chemical indus- 
try. Ilis determination in overcoming 
obstacles in converting theory into prac- 
tice and his personality and magnetism 
have led his students and younger asso- 
ciates to absorb some measure of his 
methods and have fired them with his 
enthusiasm and vision. His work in 
the development of the M.I.T. School 
of Chemical Engineering Practice has 
been a major contrilyution to engineer- 
ing education. 

The breadth of his intere.sts and his 
ca])acity are well illustrated by the 
scope of his publications. In addition 
to a large number of technical paj)ers, 
his publications include the book, “Prin- 
ciples of Chemical Engineering,” with 
Walker and McAdams ( 1923 and 
1927) and also with Gilliland (1937) ; 
“Industrial Stoichiometry,” with Ra- 
dasch (1926), and “Indu.strial Chem- 
istry of Colloidal and Amorjdious Mate- 
rials.” with Squires and Broughton 
(1942). The importance of “Princi- 
ples of Chemical Engineering” as a 
milestone of progress can hardly be 
overestimated. It conveyed to the new 
I)rofession the results of pioneering in- 
vestigation. It gave the first adequate 
conce})t of the scope of the profession, 
and it defined and applied the funda- 
mental engineering principle. Dr. 
Lewis’ originality and genius for dis- 
covering and elucidating basic princi- 
ples and for introducing quantitative 
treatment into a subject which had pre- 
viously been purely qualitative shines 
throughout this work. 

Dr. Lewis is a member of the Ameri- 
can Chemical Society, Society of Chem- 
ical Industry, American Institute of 



LAMME AWARD-WARREN KENDALL LEWIS 


5 


Chemical Engineers, American Insti- 
tute of Mining and Metallurgical Engi- 
neers, American Iveather Chemists As- 
sociation, American Academy of Arts 
and Sciences, National Academy of 
Sciences, and an honorary member of 


the Institute of Chemical Engineers of 
Great Britain. 

In 1909, he married Rosaline Denny 
Ken way. They have two sons and two 
daughters and their home is at 85 lom- 
bard Street, Newton, Massachusetts. 


RKCJPIENTS OF A.S.E.E. LAMME MEDAL 


— George filhtwre Swain 
192^ —Irving Porter Church 
1930 — Charles Pclton Scott 
1931 — Diujald Caleb Jackson 

1932 — Arthur Nczvell Talbot 

1933 — Dexter Sim/>son Kimball 

1934 — liiheard Rose Maurer 

1935 — IVilUam Elgin Wickentien 

1936 — I / erman Sc hneider 

1937— J red crick Eugene Turncaurc 


1938 — Robert Lemuel Sackett 

1939— Stephen P. Timoshenko 

1940— Audrey A. Potter 

1911 — ^Inson Mars ton 

1912 — Roy /Indrezv Seaton 

1943 — Thomas Eiving Erench 

1944 — Hardy Cross 

1915 — Harry Parker Hammond 

1946 — Robert Ernest Doherty 

1947 — JVarren Kendall Leieis 



George Westinghouse Award — Benjamin Richard 

Teare, Jr. 


To Benjamin Richard Teare, Jr. — jar hts 
invaluable zvork in the dcz^elopmcnt of courses 
in engineering analysis; for his spirited sup- 
port and ready cooperation in every zvorth- 
zvhile effort tozvard betterment of engineer- 
ing education; and for the bracing influence 
on his students and fellozv zvorkers of the 
power of his attack on every nezo problem, 
the second George Westinghouse .heard in 
Engineering Education is made. 

Benjamin Richard Teare, Jr., known 
as “Dick” to a host of friends in edu- 
cation and in industry, was appointed 
to a full professorship at Carnegie In- 
stitute of Technology at the age of 
thirty-two. Five years later he be- 
came Buhl Professor and Head of the 
Department of Electrical Engineering. 
He has gained a national reputation for 
his pioneering work in the develop- 
ment and coordination of engineering 
courses. 

In the field of engineering educa- 
tion, Dr. Teare has written important 
papers on Engineering Education. 
Notable among these are “Teaching 
Methods in Engineering Analysis” 
(Journal of Engineering Educa- 
tion, Vol. 35, June 1945) and “Plan- 
ning the Professional Aspects of Hu- 
manistic and Social Courses” (Journal 
OF Engineering Education, Vol. 37, 
December 1946). These papers dis- 
cuss the development of power of anal- 
ysis in students by means of engineer- 
ing analysis courses set up specifically 
to this end and also by means of 
humanistic and social courses. The 
second paper uncovers valuable possi- 
bilities for further improvement of engi- 


neering education. Dr. Teare has also 
contributed to the committee work oi 
the American Society for Engineering 
Education. He participated in the 
“Report of the Committee on Engi- 
neering Education After the War” 
which has proved to be a sound blue- 
print for the post-war adjustment of 
engineering colleges. 

These important contril)utions to 
educational philosophy have made Dr. 
T eare no less w^arm to the human prob- 
lems of hundreds of students in his 
department. Of his relationship with 
Dr. Teare one student writes, “His 
course in engineering analysis was in- 
spiring, both for the wealth and depth 
of the material he presented, and for 
the force of his personality. He spends 
his time freely discussing the student^s 
program and plans for the future ; 
makes adjustments in special cases and 
seeks, by arousing enthusiasm for all 
subjects, to keep our interests well- 
rounded. Beyond all this he gives 
friendly personal advice which proves 
him to be as fine a man as he is an 
educator.” 

Dr. Teare's scholarly achievement is 
by no means confined to the develop- 
ment of educational methods. He is 
continuously active and has gained 
wide recognition in engineering re- 
search. Perhaps the most important 
of his engineering papers are “Skin 
Effect in Bimetallic Conductors” 
(A.I.E.E. Transactions 1943) which 
won national and district A.I.E.E. 
prizes in 1943 and “Theory of Hyste- 




BENJAMIN RICHARD TEARE, JR 


resis-Motor Torque” {A.I.E.E, Trans- 
actions 1940) which was given honor- 
able mention by the A.I.E.E. 

Dr. Teare, who was born on January 
12, 1907 in Menomonie, Wisconsin, 
received his B.S. degree in Electrical 
Engineering (1927) and his Master’s 
degree (1928) at the University of 
Wisconsin. In the fall of 1929, he 
joined the General Electric Company 
at Schenectady as a student in the Ad- 
vanced Course in Engineering and con- 
tinued for four years with the educa- 
tional program while he obtained 


practical experience in many depart- 
ments, including Testing, Research, 
Alternating Current Engineering, Cen- 
tral Station Engineering, and Engi- 
neering General. In 1931 he became 
supervisor of the electrical engineenng 
section of the Advanced Courses in 
which he had started as a student two 
years before. At the end of two more 
years’ work at Schenectady, Dr. Teare 
decided to enter the teaching field and 
accepted an instructorship in electrical 
engineering at Yale to work for his 
doctorate. He was promoted to as- 





8 


WESTINGIIOUSE AWARD— BENJAMIN RICHARD TEARE, JR. 


sistant professor of electrical engineer- 
ing in 1934 and received his Doctor of 
Engineering degree in 1936. While 
getting his first experience in academic 
education at Yale, he was in close con- 
tact with Dr. Robert E. Doherty, then 
Dean of the School of Engineering, 
from whom he gained inspiration for 
many of his ideas on how engineers 
should he taught so that they develop 
to the utmost their capacity to think 
and to solve problems in an orderly 
way and above all so that they assume 
their proper responsibilities in society. 

The war years found Dr. Teare 
serving as an electrical engineer in the 
Naval (Jrdnance Laboratory and work- 
ing on research proldems for the Na- 
tional Defense Research Committee, 
the Office of Scientific Research and 
Development, the Army Air Forces, 
and the Office of Naval Research. 


During his years at Carnegie, Dr. 
Teare has served on many outside com- 
mittees involving not only organiza- 
tions in his own field of elec^ical en- 
gineering, but the Engineering Society 
of Western Pennsylvania, the Ameri- 
can Standards Association, the Car- 
negie Foundation, the Institute of 
Radio Engineers, and the American 
Society for Engineering Education. 

Dr. Teare holds membership in the 
following j)rofessional, honorary, and 
social societies : American Society for 
Engineering Education, American In- 
stitute of Electrical Engineers, Insti- 
tute of Radio Engineers, Instrument 
Society of America, Sigma Xi, Tau 
Beta Pi, Eta Kappa Nu, Phi Kappa 
I^hi, and Sigma F^i Epsilon. In 1932 
he married Isabel Olbrich and they 
have one daughter. The Teares re- 
side at 120 N. Homewood Avenue, 
Pittsburgh, Pennsylvania. 


RECIPIENTS OF GEORGE WESTINGIIOUSE AWARD 

1946 — James Norman Goodicr 
19^7 — Benjamin Richard Teare, Jr, 



Turning Points 

By CHARLES E. MACQUIGCJ 
I^rcsidcnt of the Society 


Turning points seem to occur so con- 
sistently and naturally in the careers 
of individuals and nations that we take 
them as a matter of course and some- 
times they may even ])ass unnoticed 
at the moment. May they not also 
occur in the life of a Society like ours? 
These chanj^es are harder to visualize 
in the case of a nation or .society than 
in the affairs of an individual. With 
national life» only in sufficiently lon^ 
retrosi)ect is one able to say, “That 
trend started after the era of railroad 
expansion” or “This was the result of 
the automohile,” and so on. 

I\)ssihly societies like ours undergo 
more or less ahruf)t shifts at least in 
their environments. While not as 
clear-cut as tho.se attending the “in- 
flection points” in the life of the indi- 
vidual, which is accented with some 
new emphasis in responsibilities, or 
change of residence or occupation, 
nevertheless there may be arrivals at 
periods in human destiny which must 
l^erforce bring new patterns of thought, 
or mass behavior which must in turn 
register effects on the life and objec- 
tives of an association. Certainly our 
Society was born at the time and place 
when the new era of electrification was 
coming into being. The World’s Fair 
at Chicago may be looked upon as a 
great preview of a new era in our na- 
tional existence. Then it was that 
countless thousands of us saw arc- 
lights for the first time — or the 


“nai)htha” launch — or the life-like 
models of our “new Navy made of 
alloy steel.” These sights must have 
affected the manufacturer or the banker 
much as the sight of a new mechanized 
agricultural irntdement affects the pro- 
gressive farmer on his visit to the 
State Fair. Whether or not these 
thoughts occurred to the engineers who 
founded the Society for I'he Promotion 
of Engineering Education at C'hicago 
in 1893, the teachers of engineers did 
orient themselves from tlie particular 
inflection ])oint in human history and 
they did see a need connected with the 
guidance of engineering education and 
they did start to establish and maintain 
objectives towards higher levels of 
unified j^erformance. ALL HONOR 
1'0 THI^M. 

No one can escape the im])lications 
of the changes in human affairs which 
have sprung from the years since 1941. 
Any World War will beget them, 
whether they be the influence on juve- 
nile delinquency ; the implications of in- 
creased alcoholic consumption ; the new 
foreign policy, or the almost casual talk 
of the expected use of the Pile. We 
are at an inflection point and it would 
seem to be as fateful as any we may 
ever have experienced. What then of 
possible new tangents or new objectives 
for us? Certainly they should be only 
changes of emphasis and not total re- 
orientation or discarding of the old ob- 
jectives; only re-dedication and here 
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and there an underscoring of an old 
principle. In other words, a pause to 
analyze the trends of the times and to 
reset our sights. 

What are the likely clianges or pos- 
sible shifts in the incredibly complex 
alignments in human affairs as they 
may affect us as a Society and our 
place in the life of the nation? 

Is the kind of education in which we 
arc interc.stcd on the way to he differ- 
entiated between two distinctly differ- 
ent objectives? Will one of these ob- 
jectives be a tendency toward more 
and more emphasis on the scientific 
])rinci])lcs which underlie the i)ractice 
of engineering, i.e., the three funda- 
mental tools of science with less em- 
l^hasis on ‘‘product engineering'’ ? 
Along such lines one might visualize 
three years of mathematics, physics 
and chemistry for all engineers, with 
only months of specialization and of 
non-vocational subjects with the under- 
standing that curricula would be built 
up on a vertical integration through 
four or five years, (^ne argument for 
this type of scheme may be found in 
the statistical fact that a significantly 
large percentage of graduated engineer.*- 
do not practice the particular branch 
of engineering for which they were 
trained. 

The other objective is indicated by 
a great demand for the technician type 
of individual who does not need the 
upper level of the abstract di.scipline.s 
and actually is incapable of finishing 
the four or five year curriculum. 
These students should have a type of 
technical training between high school 
and college levels. This problem is al- 
ready on the way to trial solution in 
several of the states and it may be 
vastly more general than heretofore 
expected. 

Both of these questions have been 


under our active study, an evidence of 
the timeliness of our work. 

The non-vocational aspects of higher 
education for engineers weije men- 
tioned above and the subject is still 
controversial with many of us in spite 
of eloquent appeals from our own 
members in the recent past. Some of 
our .schools are bravely trying the 
.solution ()f the problems involved, but 
although one may concede the educa- 
tional correctness of the humanistic 
studies for the engineer, there still re- 
mains the question of how to carry out 
the details. Difficulties involving sub- 
ject matter await solution because of 
the ])resent ])attcrn of prc.sentation in 
our sister Arts colleges. Naturally 
the.se colleges have tended to develop 
specialists in .sociology, p.sychology, 
history and .so forth. In a manner, 
their course sequences have been built 
in a somewhat analogous pattern to 
tho.se in engineering, namely, introduc- 
tory courses and the usual upward 
trend towards .si)ecialization and into 
the graduate .school. Our engineering 
.student will hardly aspire to be a pro- 
fe.ssional historian or teacher of his- 
tory. Our i)roblem is to work with 
the teachers of non-technical subjects 
to devi.se courses wdiich will meet the 
following needs: (a) The subject mat- 
ter must avoid too great an objective 
towards specialization; (b) The sub- 
ject matter must avoid mere “fluff” 
and windy generalizations which cer- 
tainly will not hold the interest of our 
students; (c) Broad outlines must be 
presented which will expand the mental 
horizon of the technical student and 
whet his appetite for knowledge of his- 
tory, or law, or sociology, or biology, 
or political science, insofar as that 
broadening will better fit him for the 
duties of citizenship. 

Recently a prominent industrialist 
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summed up the desirability of the 
proper blending of the vocational and 
the non-vocational by saying — “Recog- 
nition is given to the importance of 
many of the subjects commonly in- 
cluded in the curricula of a liberal col- 
lege. Enough exposure to the main 
works of history and literature to ac- 
quire an interest in further reading 
and personal study is deemed “essen- 
tial along with some understanding of 
accepted laws of economics, the type 
of thinking economists employ and our 
system of government and competing 
systems. Facility in the use of the 
haiglish language with at least an in- 
troduction to a foreign language or 
two, is also essential.” * 

Graduate work is becoming more 
and more a sine qua non for the student 
of engineering who expects to teach or 
engage in research. Unfortunately all 
branches of engineering educatioii have 
not been sufficiently aware of this fact 
and here is a challenge to our Society 
for discussion and recommendations. 

Another and entirely different type 
of responsibility is also clearly ours, 
and that is the strengthening of what 
for lack of better words we may call 
the professional consciousness of the 
engineer. By this we do not mean 
the building of pressure groups, or 
clamorous minorities, but rather intelli- 
gent, conscientious, cooperative citizens 
aware of their professional status and 

♦ “Basic Sciences and Technology Plus 
Liberal Courses Produce Well Rounded En- 
gineers.” D. H. McLaughlin, Mining & 
Metallurgy, July, 1947, Am. Inst. Min. & 
Met. Engrs. 


responsibilities to society and capable 
of acting as engineers for the common 
good. This involves esprit de corps, 
in which we certainly are ahead of 
some other professions. Let us recog- 
nize and cherish this fine status by 
everything we can do. We can 
strengthen the morale and the class 
consciousness of our students by ap- 
pealing to the sense of responsibility 
of the young engineer. This is no less 
real in our profession than it is with 
the medical profession, which has led 
the way since the time of Hippocrates. 

The foregoing problems would seem 
to he among those which are facing us 
as a result of the c( infused ideas and 
trends in our world of today. The 
members of our Society have a great 
opportunity to work with the finest 
youth in this or any other land ; our 
responsil)ility is to try to teach them 
to think properly and effectively be- 
cause almost certainly the result of 
their thinking will he given more and 
more consideration by their fellows as 
time goes on. This challenge is ours: 
To better in every way our instruction 
in science and technology and above 
all to teach by example and precept 
that “man does not live by bread 
alone.” 

This greeting can best he closed on 
a note .sounded by our beloved Dr. 
Bishop who the other day in a con- 
versation said something like this — “I 
am constantly amazed by the strength 
and solidarity of our Society. It has 
a spirit of youth and esprit de corps 
which is wonderful.” 



Engineering Education for an Atomic Age* 

By HUBER O. CROFT 

President, American Society for Engineering Education ; Professor and Head, Dept, of 
Mechanical Engineering, State University of loioa 


You and [ are unique, for we are 
of the ag^e trans-ITiroshimo. IVfost cer- 
tainly you and T are unique in the 
sense that we are witnesses at the trial 
for survival of our own civilization. 
1'he records of this trial arc not hur- 
riedly registered by the swiftly moving 
])en, or the inqxact of a stenotype of 
the ])rofessioiial court recorder. On 
the contrary, unfortunately for us the 
record of this trial is slowly and pains- 
takingly chronicled by that professional 
grou]) known as historians. The errors 
we make during our trial cannot be 
corrected but they definitely will be 
recorded. So we must do our utmost 
to prevent error during this trial. 

We can a[)proach this entirely new 
situation which we face in three ways : 

First, we can ignore the facts and 
refuse to imagine the consequences. 

Second, we can reccjgnize tlie facts, 
continue on our merry way, and re- 
main comfortably conqdacent doing 
nothing. 

Third, we can recognize the discom- 
forting facts, and as patriotic, educated 
Americans do our utmost to prevent 
the historical recording of a lurid ca- 
tastrophe, at least in our time. 

I am sure that most of this group 
will be numbered under the third and 
last classification. The question then 

* Presidential address delivered at the 55th 
annual meeting, A.S.E.E., Minneapolis, June 
17-21, 1947. 


becomes how can we as educators do 
our share to preserve the most de- 
sirable features of this civilization 
which our forefathers contrived and we 
and our fellow citizens now enjoy. 

Isn’t it strange that we live in a 
world which has s])cnt billions of dol- 
lars to determine accurately the varied 
equations for nuclear fission and for 
the design and construction of ma- 
chinery to jiromote and control nuclear 
fission while, at the same time, the 
amount of money, which we spend to 
investigate the human equations cx- 
])ressing the delicate relationships be- 
tween nations, is negligible. If nature's 
physical laws are stublxirn to discover, 
the laws of human nature, if any, are 
even more obstinate of revelation. It 
has taken more than two thousand 
years and boundless wealth for the 
periodic table of the chemical elements 
to be changed from the four ]:)re- 
Aristotelian elements of earth, water, 
air and fire to the 92 elements of the 
])re-Ffiroshimo jxiriodic table. If there 
is time, no doubt at some future date 
a genius will propose a periodic table 
for the human elements that constitute 
national pressures for war and for 
Peace. Perhaps then, after being given 
])roper directions, humans will wish to 
become humanitarian. I merely sug- 
gest that such a periodic table of human 
elements should perhaps be worth the 
expenditure of at least one Oak Ridge. 
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Naturally such a table as this would 
take years to complete but we must do 
our part now. We as educators simply 
must exert our influence for preserva- 
tion of the world in which we find our- 
selves. This means that we must de- 
liberately plan to train intensively for 
three-fold possibilities : 

(1) Engineering and Science. 

(2) National and Civic Service. 

(3) International Understanding. 

Obviously, we ought to afford to 
offer the finest, most complete, and 
most progressive undergraduate courses 
that can Ix^ conceived, but we must do 
more, for it is essential that we en- 
courage our best young men to under- 
take graduate work to make certain 
that our nation will have a sufficient 
reservoir of research workers, not to 
compete with, but to surpass any pos- 
sible world competitor, in disccjvering 
and applying scientific facts. Compe- 
tition is the spice of life to be sure, but 
being second best in A-bomb competi- 
tion may mean the end of life for us. 

To implement this need undoubtedly, 
the National Research Foundation bill 
will be passed by Congress in one form 
or another. Are you studying your 
own situation to determine how you 
and your own institution may assist in 
carrying out the expressed objectives 
of this bill and will you encourage a 
few of your best men to follow the 
postgraduate path to become skilled 
research men? I sincerely hope that 
you will. 

But in these days, the training of 
mere efficient slide-rule engineers is 
neither in tempo nor in tune with our 
time. On all sides we see misunder- 
standing, disagreement and dispute 
prevailing and, unfortunately, at all 
levels of human organization whether 
it be the butcher shop down on the 


^3 

corner, the telephone system which 
blankets the country, or the tete-a-tete 
of Mr. Marshall and Mr. Molotov. 

While this unrest is natural follow- 
ing the greatest war in history, our stu- 
dents should at least know and recog- 
nize the underlying forces at work be- 
cause our students are to be engineers, 
yes, but they are also citizens and they 
should vote intelligently. Further- 
more, many of them may find them- 
selves precisely in the middle of an 
industrial dispute which they may be 
called upon to arbitrate. 

To me. and T hope to you, it is ap- 
})arent that our students before they 
graduate must have at least an ele- 
mentary background for active and in- 
telligent citizenship in our complex re- 
public. In the undergraduate years, 
introduction of wisely selected courses 
in the humanities, as has been recom- 
mended by committees of our Society, 
will assist in giving the necessary back- 
ground. Stimulation to read serious 
works on the national and international 
problems of the day will also assist 
in forming the maturity of judgment 
we desire for our graduates. To stimu- 
late an undergraduate student to read 
worthy non-technical books without re- 
ceiving registrar’s academic credit is a 
challenge to, as well as a test of good 
engineering teaching. I am one of that 
group which believes that the under- 
graduate degree course must be in- 
creased to five years of study, which, 
among other advantages, would give 
an elementary background for the civic 
leadership which is expected of engi- 
neers. I fully realize that there are 
those just as firm in their belief that 
four years of training is sufficient. 
Time only will prove the solution to 
the questions at issue. 

But specifying a course of study in 
exact detail for a citizen engineer is not 
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enough. Sincere and sympathetic en- 
couragment to engage in civil affairs 
should be presented to the entering 
freshman engineer, and this should be 
continued until he graduates. This 
encouraj^ement should be continued by 
his employer for only by attending cau- 
cases, council meetings, political rallies, 
and sessions of legislatures and con- 
gress does one gain a real and practical 
understanding of the functioning of our 
great government. It seems quite clear 
to me. that the time has come for engi- 
neers to stop sneering at politics. The 
country needs intelligent, trained, hon- 
est leaders as never before. It is our 
patriotic, bounden duly as educat()rs 
and industrial leaders to heed this 
urgent demand. 

And finally what of the Atom-bomb, 
which we know how to construct cjuite 
well, and of international good will, 
which we know how to construct, much 
less well ? 

It is probably true that we are the 
wealthiest, the best nourished, the most 
productive, the most iDowerful, and out- 
side of our own borders, the most 
feared nation in the world today. We 
should also realize that we are the most 
conservative of all nations holding free 
elections. It makes little difference if 
our external moves are stimulated by 
the inherent idealism of our people — 
there is always the thought in the 
minds of citizens of other countries, 
that underlying our generosity is some 
sinister, ulterior motive. Discussions 
with Americans who know and under- 
stand foreign countries will substan- 
tiate these facts. A thinking man 
knows that the reactions to fear are 
irrational and automatic. 

The United Nations sensing the 
need for international understanding 
has made a start toward this goal. One 
of the most satisfying experiences of 


my life has been that as your repre- 
sentative on the First National Ad- 
visory Committee of UNESCO, the 
United Nations Educational? Scien- 
tific, and Cultural Organization. This 
group, authorized by Congress, is one 
of similar bodies working in most of 
the member nations of the United Na- 
tions to promote Peace, Good Will, and 
Mutual Understanding between tbe 
jieoples of the world. What UNESCO 
lacks in budget is compensated for at 
least partially by the sincere enthusi- 
asm of its members. All of us hope, 
1 am sure, that UNESCO will succeed 
in its fundamental objectives. 

Now what can wc as educators do 
to alleviate this natural but difficult 
situation? It seems to me quite obvi- 
ous that the first step for us to take 
is to encourage the exchange of more 
and more students and faculty from 
outside our borders. 

It was through the inspiration of 
UNESCO that I took the liberty of 
asking the State Department to send 
an invitation through each of their 
consular offices to every country with 
whom we maintain diplomatic rela- 
tions. The invitation to attend this 
meeting in Minneapolis was extended 
to a prominent engineering educator 
in each country. The first approach 
was made to the State Department in 
December but, for various rea.sons, the 
invitations were not sent to the con- 
sular offices abroad until April. Dr. 
Dowdell of the University of Minne- 
apolis was asked to be the liaison offi- 
cial here for all foreign guests. He 
advises me this morning that 16 guests 
from foreign shores are among us this 
morning, and we hope there will be 
many more before the session closes. 
It seems to me that invitations to our 
colleagues abroad, and one session of 
the annual meeting during which our 
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guests may talk to us about their hopes 
and aspirations, and their problems 
should be an annual tradition. This 
is one way we as a Society may really 
contribute to international appreciation 
and understanding. 

May I summarize briefly : First : we 
must strive to improve our present un- 
dergraduate curricula and to prepare 
our graduates with a knowledge of na- 
tional and world problems as well as 
in technical learning. We must induce 
more carefully selected men to under- 
take graduate work, not only because 
it will oj)en greater professional possi- 
bilities but also because our country 


needs them desperately. Second: if 
we really believe that engineers are in- 
telligent and useful citizens of the state, 
we should not only contrive curricula 
that will give them at least a back- 
ground for a working citizenship, but 
further we should encourage engineers 
actively to engage in political service 
to our nation. 

And lastly : the exchange of students 
and scholars from overseas will con- 
tribute much to demonstrate our ideal- 
ism and good will and furthermore we 
can demonstrate that at least the rank 
and file of our citizens do not wish for 
an A-bomb in their pockets. 



General Council, A.S.E.E. 1947-1948 ' 


Officers 

President 

C. E. IVTacQuig^, The C^hio State University, Colunibiis 10, Ohio 

Vice Presidents 

J. B. Robertson, University of Minnesota. Minneapolis, Minnesota (In charge of 
general and regional activities) 

C. J. Freund, University of Detroit. Detroit, Michigan (In charge of instructional 
divisional activities) 

S. S. vSteinberg, University of Maryland, College Park, ATaryland (hhigineering 
College Administrative Council) 

F. M. Dawson, State University of Iowa, Iowa City, Iowa (iMigineering College 
Research Council) 

Secretary 

F. L. Bishop, I'niversity of Pittsburgh, Pittslmrgh, Pennsylvania 

Treasurer 

J. S. Thonijison, AfcGraw-Jlill Book Co, New ^^)rk 18, New Yoik 
Assistant Secretary 

Nell McKenry, University of Pittsburgh, Pittsburgh, Pennsylvania 

Junior Past Presidents 

II. O. Croft, University of Iowa, Iowa City, Iowa 

II. S. Rogers, Polytechnic Institute of Brooklyn', Brooklyn, New York 
R. E. Doherty, Carnegie Institute of Technology, Pittsburgh, Pennsylvania 


Divisions 

Representatives on Council 

Aeronautical — H. W. Barlow, A. & M. 
College, Texas, College Station, 
Texas. 2 years. 

Agricultural Engineering — A. W. Tur- 
ner, Agricultural Research Center, 
Beltsville, Maryland. 1 year. 

Chemical Engineering — J. H. Koffolt, 
The Ohio State University, Co- 
lumbus, Ohio. 2 years. 


Civil Engineering — L. S. LeTellier, 
The Citadel, Charleston, South 
Carolina. 1 year. 

Cooperative Engineering — H. K. Jus- 
tice, University of Cincinnati, Cin- 
cinnati, Ohio. 2 years. 

Educational Methods — W. C. White, 
Northeastern University, Boston, 
Massachusetts. 1 year. 

Electrical Engineering — C. G. Bren- 
necke. North Carolina State College, 
Raleigh, N. C. 2 years. 
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Engineering Drawing — F. G. Higbee, 
University of Iowa, Iowa City, Iowa. 

1 year. 

English — J. K. Thornton, University 
of Michigan, Ann Arbor, Michigan. 

2 years. 

Graduate Studies — S. ('. Ijiid, Ihiiver- 
sity of Minnesota, Minneapolis, 
Minnesota. 1 year. 

Humanistic-Social — E. S. Hurdell, 

C'oo])er Union, New York, New 
York. 2 years. 

Industrial Engineering — P. N. f^ehoc- 
zky. The Ohio State University, C o- 
liiml)iis, Ohio. 1 year. 

Mathematics — J. II. Zant, Oklahoma 
A. & M. College, Okmulgee, Okla- 
homa. 2 years. 

Mechanical Engineering — IL E. Short, 
University of Texas, Au.stin, Texas. 

1 year. 

Mechanics — R. V. James, University 
of Oklahoma, Norman, Oklahoma. 

2 years. 

Mineral Engineering — W. B. Plank, 
Lafayette College, Easton, Penn.syl- 
vania. 1 year. 

Physics — J. Ci. Potter, A. & M. Col- 
lege of Texas, College Station, 
Texas. 2 years. 

Technical Institutes — W. L. Hughes, 
Franklin Technical Institute, Bos- 
ton, Massachusetts. 1 year. 


Allegheny — D. F. Miner, Carnegie In- 
stitute of Technology, Pittsburgh, 
Pennsylvania. 2 years. 

Illinois-l ndiana — W. M. Lansford, 
University of Illinois, Urbana, Illi- 
nois. 1 year. 

Kansas-N ehraska — 

Michigan — T. C. Hanson, University 
of Detroit, Detroit, Michigan. 1 
year. 

Middle- Atlantic — 

Missouri — 

National Capital. — II. H. Armshy, 
U. S. I)e])t. of Education, Washing- 
ton. D. C'. 1 year. 

New England - 

North Midzvest — L. O. Stewart, Iowa 
State College, Ames, Iowa. 1 

year. 

Ohio — ( ). M. Stone, Case Institute of 
Technology, Cleveland, Ohio. 2 

years. 

Pacific Northzvcst — I farry McIntyre, 
University of Washington. Seattle, 
Washington. 1 year. 

Pacific S out Incest — 

Rocky Mountain — W. O. Birk, Uni- 
versity of Colorado, Boulder, Colo- 
rado. 1 year. 

Southeastern — L. J. T^assalle, Louisi- 
ana State University, University, 
Louisiana. 2 years. 

Soutlnvestern — W. R. Woolrich, Uni- 
versity of Texas, .Austin, Texas. 
1 year. 

Upper Nezv York — 



Report on Sections 

By EARLK B. NORRIS 
J'ice President 


This report must, of necessity, repre- 
sent merely the ideas of your Vice 
President, since it is called for before 
the Committee on Sections and 
Branches has had opportunity to meet 
and to prepare recommendations. 

Section activities have assumed in- 
creasing importance in the value of the 
Society to its membership. Section 
meetings serve a far greater percentage 
of the membership than does the annual 
meeting of the national organization 
and they reach to the grassroots of the 
Society. The Constitution provides 
that “A section of the Society may be 
formed by members in two or more in- 
stitutions within a territory prescribed 
by the General Council.'' This sounds 
as if a section might consist only of 
members associated with the faculties 
of the institutions which set up the 
section. It is my personal feeling that, 
where the General Council has pre- 
scribed the territorial limits of a sec- 
tion, we should consider that all mem- 
bers within those limits should be in- 
cluded in the section membership. 
This practice could give professional 
engineers and industrial representatives 
a greater usefulness to the Society and 
a greater sense of belonging. Like- 
wise, faculty members of technical in- 
stitutions (Affiliate Members) would 
benefit from the o]:)portunity to share 
in the programs of the section meet- 
ings. If this idea is sound it becomes 
necessary that exact boundaries be 
fixed for each section. However, I 
find the practice quite common of visit- 


ing back and forth between sections. 
This is a wholesome practice to be 
encouraged. Therefore, I suggest that 
section boundaries should be inclusive, 
hut not exclusive. 

There are some institutions and 
some whole states not within any sec- 
tion as now defined and established. 
Since the Constitution provides that 
the initiative for the formation of sec- 
tions lies in the institutions, the Council 
is not in a position to dictate, but it 
may well make suggestions for con- 
.sideration. The people in the Dakotas 
are at piesent without any sectional 
affiliation. They have no North or 
South means of rail travel, but all have 
convenient routes to Minneapolis and 
thence into Wisconsin and Iowa. It 
is, therefore, suggested that the North 
Midwest Section be asked to include 
in its area all of North Dakota and 
South Dakota east of the Missouri 
River. The South Dakota School of 
Mines is much nearer to and perhaps 
more closely allied economically with 
the schools in Wyoming and Colorado. 
It is, therefore, suggested that the 
Area of South Dakota west of the 
Missouri River be assigned to the 
Rocky Mountain Section. 

Utah is another orphan state, with 
its two state institutions and with two 
members at Weber College and a few 
professional engineers in Salt Lake 
City. In all, there are but 22 members 
in the state of Utah. Doubtless, some 
section activity might result in an in- 
creased interest. Dean Taylor at the 
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University thinks that they are offi- 
cially supposed to be in the Southwest 
Pacific Section with California, Nevada 
and Arizona. If so, the officers of that 
section do not seem to know it and 
Dean Taylor says rightly that the dis- 
tances are too great. I suggest a trial 
of assigning Utah to the Rocky Moun- 
tain Section, with the organization of a 
Utah Section as the alternative. 

Arkansas is another orphan state. 
Dean Stocker tells me that at one time 
Arkansas and Oklahoma were in a sec- 
tion of their own. The Oklahoma 
Schools joined with Texas and New 
Mexico in the Soutliwestern Section 
and left Arkansas alone on the out.side. 
They visit nearby sections when con- 
venient, having taken in a meeting of 
the Missouri Section at Rolla and of 
the Southeastern Section in Louisville. 
Since Fayetteville is so near the Mis- 
souri border, inclusion with Missouri 
in a Missouri- Arkansas Section would 
seem logical. Here, again, I feel that 
the initiative should come from the 
.schools and not from the Council of 
the Society. The Kansas- Nebraska 
Section suggested a change in name to 
the Missouri Valley Section, but this 
would be confusing so long as there is 
also a Missouri Section. There ap- 
peared to be some doubt as to the Sec- 
tional affiliation of the Michigan Col- 
lege of Mines and Technology at 
Houghton in the Upper Peninsula. 
After some correspondence it appears 
that the sentiment favored inclusion in 
the Michigan Section and I believe 
that such reunion took place this spring. 
In this connection, I would repeat my 
feeling that we should encourage visit- 
ing across sectional borders and that 
such exchanges of hospitality and cour- 
tesy should not require any change of 
sectional affiliation. 

So far as I know there is no at- 


tempt at Sectional organization in 
Canada. It might be well to suggest 
that the Upper New York Section in- 
vite the Toronto, Montreal and Que- 
bec schools to their meetings with the 
aim either of permanent affiliation or 
of stimulating the creation of an 
( )ntario-Quebec Section. 

The Maritime Provinces might also 
form a section of their own. 

British Columbia might readily be 
included in our Pacific Northwest 
.Section . 

That leaves the Universities of Mani- 
toba, Alberta and Saskatchewan spread 
out over a distance of 827 miles by rail, 
and with hut one member in each 
.scho<d. That distance is, however, no 
greater than the extent of some of the 
sections in tlie United States if we 
could .stimulate more interest and an 
increased membership. 

Branches 

During the year the Purdue Branch 
has surrendered its status as such by 
reason of the fact that the lllinois- 
Indiana Section and the Engineering 
Faculty meetings at Purdue seem to 
cover the j)roblems originally intended 
to be considered by the Branch. 

In Minnesota we had a Section li.sted 
although its membership was from the 
University. This .section has asked 
that it become a Branch and that Min- 
nesota be included in the North- 
Midwest Section. 

Believing that the spirit of our Sec- 
tional organization, as well as the letter 
of our Constitution places the initiative 
for .sectional organization with the in- 
stitutions concerned, I am making no 
recommendations to the Council other 
than that my successor might com- 
municate my suggestions to the schools 
and sections concerned for their con- 
sideration and possible action. 
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The Constitution of the American 
Society for Enginecriiij^ Education 
provides for three Ctmncils, namely, 
the General Council, the Enj^inecrinj; 
College Administrative Council, and 
the EnRincerin^^ College Kescarch 
Council. This is a report to the (jen- 
eral Council, d'his Council is com- 
])osed of officers of the Society and 
re])resentatives from every division and 
section, d'hese representatives serve 
for a period of two years under the 
])lan of rotation in which one-half of 
each group will he chosen each year. 

In general, the new Constitution of 
the Society has jiroved satisfactory al- 
though there are minor changes which 
should he carefully considered hy the 
Committee on the Revision of the 
Constitution. 

'I'he Constitution assigns to this 
Council .specifically the ])rohlems per- 
taining to teaching. 'Phe greatly in- 
creased attendance in engineering col- 
leges and the large numher of new and 
inexperienced teachers in the colleges 
have increased very materially all old 
problems of instruction and created 
many new ones. It is the duty of this 
Council to assist on the solution of 
these problems. 

Membership. The present members 
of the Society is 4,820 of which 165 
are institutional members. There have 
been elected 887 new members through 
the efforts of the Membership Com- 
mittee under the chairmanship of 
President Croft. This Committee was 
composed of one member from each 
state who selected aides from the dif- 
ferent colleges. This is the largest 


numl)er of new members to be elected 
in a single year. The distribution of 
new members is intere.sting. There 
arc aj)proximately : 

Tottil inombership 
per cent per cent 


Instructors 30 10 

Assistant professors 21 15 

Associate professors 12 16 

Professors 12 32 

Presidents and deans 13 11 

Indu.stry 10 14 

Miscellaneous 2 2 


Wc have lost 17 hy death, T. R. 
Agg, W. N. Barnard, J'2. S. Gray, 
M. E. Holmes, S. S. Garrett, G. A. 
Mancy, P. C. Na.sh, J. T. L. Me New, 
R. G. Paustian, T. T. Read, A. J- 
IVemhlay, 0. M. Russell, Albert Sie- 
pert, FI. W. Waterfall, C. C. Williams, 
F. C. Stockwell ; 252 by resignation. 

With the greatly increased faculties 
required in the engineering colleges it 
.seems as though we might look for- 
ward to a large increase in membership 
next year. 

The various sections, divisions and 
committees have been doing notable 
work throughout the year. Some of 
these results are indicated by the pro- 
gram of the conferences. One of the 
notable contributions is the summer 
.school for mechanical engineers held 
at Northwestern University just prior 
to this meeting. 

Section meetings were curtailed dur- 
ing the period of the war. These meet- 
ings have in most cases been resumed. 
The attendance and interest have been 
exceptional. The papers presented 
were excellent and some have been 
printed in the Journal. We shall ' 
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hear more detailed reports from the 
section representatives. 

President Croft lias been very gen- 
erous in giving his time to attend the 
sectional meetings. 1"his is an impor- 
tant duty of the President. 

President Croft v^^ill make a report 
to you in regard to the various ballots 
which he has taken during the year. 

Publications. The shortage of pajier 
and labor troubles made it rather dif- 
ficult to issue the Journal and in 
almost every case it was delayed for 
these reasons, 'fhe cost of the Jour- 
nal has greatly increased over a period 
of years and especially during the past 
year. 

J^nrollment figures were obtained in 
the usual way by this office but several 
institutions failed to make returns, 
among them were some of the larger 
institutions. Dean ll. P. Hammond 
has been making a study of enrollments 
for other purposes and found that sta- 
tistics given us were not the same as 
those given to him. You will be in- 


terested in the following figures which 
he gives: 

“The Journal’s tabulation is based 
on 130 American schools, which omits 
about 25 schools, including such large 
ones as Illinois, Missouri, CCNY, Le- 
high, George Washington, and Okla- 
homa A. & M. 1 have estimated the 
1946-47 enrollments of these schools 
by taking their own predictions of en- 
rollments for 1947-48 and reducing 
these by the average increase we have 
found between 1046-47 and 1047-48 
from reports from over one hundred 
institutions. While the result is sub- 
ject to error, caused by this method of 
estimation, nevertheless it does give a 
rough approximation of the total num- 
ber of students. My estimates indicate 
that the total enrollment of undergradu- 
ates in schools in the United States for 
104()-47 was about 222,000 and, in- 
cluding graduates, about 236,000.” 
(Our figures were 197,797 under- 
graduates.) 



Report of the Treasurer for 1946-47, 

J. S. Thompson 

American Society for Engineering Education 
Comparative Statement of Cash Account 
June 12, 1947 

1945-46 1946-47 

(June 12. 1946) (June 12, 1947) 

Balance on Hand: 

Forbes National Bank — Checking Account $13,227.07 $16,115.93 

Forbes National Bank- -Siivings Account . . 639.25 

$13,866.32 $16,115.93 

Receipts: 

Current Dues . $17,346.41 $23,519.23 

Back Dues t,560.00 2,022.50 

Dues in Advance 517.50 675.50 

Sales of Publications 1,002.17 1,071.04 

Advertising 4,304.02 5,032.76 

Sale of Emblems 12.25 1.25 

Interest on Savings Account 3.20 — 

Interest on Gk>vcrnment Bonds 258.75 351.25 

Refund — Humanistic-Social Studies 164.40 — 

Refund — to Close Summer Session Account 104.77 — 

Receipts from Dinners 371.00 — 

Refund on Gold Emblems - 91.43 

Westinghousc Educational Foundation. .. . .... — 250.00 

General Education Board Southeast Sec — 10,000.00 

Carnegie Corp. ECAC Survey on Eng. Salaries .... ... — 6,000.00 


Total Receipts $25,644.47 $49,014.96 


Disbursements: 

Cost of Publications $10,474.28 $13,201.33 

Honorarium for Secretary . 2,000.00 2,200.00 

Clerical Assistance 4,172.25 4,500.00 

Travel and Entertainment, Secretary’s Office 407.62 286.96 

Printing, Postage, Office Supplies, etc 986.20 2,063.93 

Purchase of Equipment .... 648.78 — 

Dues — American Council on Education 100.00 100.00 

Contribution to Engineers* Council for Professional Develop- 
ment 750.00 650.00 

Officers* Traveling Expenses 477,83 663.51 

Expenses — 1945 Meeting 153.85 — 

Expenses — 1946 Meeting 410.22 600.61 

Expenses — 1947 Meeting — 1,166.25 

Expenses— ECAC . 520. 1 7 828.22 

Expenses — Revision of Constitution ! 390.89 — 

Expenses — Committees and Conferences 711.15 670.82 

Council Meeting 335.35 — 

Purchase Series G Government Bonds 700.00 5,000.00 

Expenses — ^Westinghouse Award — 357.10 

Emergency Expense — 735.00 

Va. Poly. Inst, for Manual — 200.00 

Total Disbursements ^3,394.86 $33,523.61 
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Balance on Hand; 


Forbes National Bank — Checking Account 

$16,115.93 

$31,607.28 

Total Balance on Hand 

$16,115.93 

$31,607.28 


American Socii iy ior Engineering Education 
Comparative Statement of Income and Expense 

For the Years Ending June 30, 1946 and 1947 

1945-46 
(June 12, 1946) 

1946-47 

(June 12, 1947) 

Income. 

Current Dues 

$18,581 41 

$25,036.73 

Back Dues . 

560 00 

1,022.50 

Sale of Publications 

1,002 17 

1,071.04 

Advertising 

4,404 02 

5,332.76 

Sales of Emblems 

12 25 

1.25 

Refund on Gold Emblems 

— 

91.43 

Interest on Savings Account 

3.20 

— 

Interest on Government Bonds, . 

258.75 

326.25 

Refund to Close Summer School Account 

104.77 

— 

Receipts for Dinners 

371 00 

— 

Total Income 

$25,297 57 

$32,881.96 

Expense: 

Cost of Publications 

$10,274.28 

$13,832.71 

Expenses — 1945 Meeting in 1946 

213 02 

1,010.83 

Honorarium for Si'cretary 

2,000.00 

2,200.00 

Clerical Assistance 

4,172.25 

4,500.00 

Printing, Postage, Office Supplies, etc 

986 20 

2,063.93 

Travel and Entertainment — Secretary’s Office 

407 62 

286.96 

Dues — American Council on Education 

100.00 

100 00 

Contribution to Engineers’ Council for Professional Develop- 

ment. . 

750.00 

650.00 

Officers’ Traveling Expenses 

477.83 

663.51 

Expenses — ECAC 

520.17 

828.22 

Expenses — Civil Engineering Division 

156 27 

299.88 

Expenses — Conference on Social Humanities Problems 

295 60 

— 

Expenses — Revision of Constitution . . 

390.89 

— 

Expenses— Committees and Conferences 

711.15 

670.82 

Council Meeting . . . 

335.35 

— 

Emergency Expense 

— 

735.00 

Va. Poly. Inst, for Manual 

— 

200.00 

Total Expense . . . 

$21,790.63 

$28,041.86 

Surplus for the Year 

3,506.94 

4,840.10 

Total 

$25,297.57 

$32,881.96 
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American Society for Engineering Education 
Comparative Balance Sheet 
As of June 30, 1946 and 1947 


Assets 


Cash: 

Current Fund 

Petty Cash Fund 

Life Membership Fund 


1946 

(June 12. 1946) 

. $16,115.93 
300.00 
1,045.92 


1947 

Qune 12. 1947) 

$31,582.28 

300.00 

78.40 


Total Cash 


$17,461.85 $31,960.68 


United States Government Series G Bonds 

Current Account $10,700.00 $15,700.00 

Life Membership Fund — 1,000.00 


Total Bonds $10,700.00 $16,700.00 


B. J. Lamme Trust Fund: 
Securities and Mortgages 

Uninvested Cash 

Checking Account 


$ 5,108.41 $ 5,093.25 

35.84 51.00 

178.54 204.45 


Total Lamme Fund 


$ 5,322.79 $ 5,348.70 


Prepaid Expenses: 

1946 Meeting (1947) $ 410.22 $ 1,166.25 

Inventory (Nominal) 1.00 1.00 

Accounts Receivable: 

Advertising 1,200.00 1,500.00 

Dues 1,000.00 1,000.00 

Westinghouse Educational Foundation — 107.10 

B. J. Lamme Award 191.49 — 

Furniture and Fixtures (Nominal) 748.78 748.78 


Total Assets 


$37,036.13 $58,532.51 


Liabilities 


Life Membership Fund $ 1,045.92 $ 1,078.40 

B. J. Lamme Trust Fund 5,322.79 5,348.70 

Prepaid Membership Dues 517.50 675.50 

General Education Board for Southeast Section -7 10,000.00 

Carnegie Corporation for ECAC — 6,000.00 


Total Liabilities $ 8,886.21 $25,733.98 


Surplus Account 

Balance $24,642.98 $28,149,92 

Less — Cancellation Account Receivable Lamme Award — 191.49 


Revised Balance $24,642.98 $27,958.43 

Surplus for Year 3,506.94 4,840.10 


Total Liabilities and Surplus $37,036.13 $58,332.51 



Report on the Engineering College Administrative 

Council 


During the past year the Adminis- 
trative Council sought to establish a 
pattern for the operation of this divi- 
sion of the Society. Its executive com- 
mittee, which met in the fall in Wash- 
ington, in December in Chicago, and 
in June in Minneapolis, approved and 
started the following projects: 

(1) The publication of a bulletin, 
which was handled by Dean W. C. 
White, the Secretary of the Adminis- 
trative Council. The object of this 
bulletin has been to present topics of 
general interest to administrators of 
American engineering colleges and to 
serve as a medium of exchange among 
officers of these institutions. 

(2) The completion, discussion, and 
distribution of a report on Academic 
Tenure, Professional Service and Re- 
sponsibility prepared by a committee 
under the chairmanship of C. J. 
Freund. Responses from college offi- 
cers commenting on this report bear 
testimony to its influence, 

(3) A study of the problem of fac- 
ulty salaries in engineering colleges. 
The executive committee enlisted the 
assistance of Dr. Dugald C. Jackson 
to undertake this study, and he pre- 
sents a first report at the second gen- 
eral session of this convention. A 
notably high return on the information 
requested was obtained from the col- 
leges, and the report therefore repre- 
sents the most complete available in- 
formation on this subject. 

To extend this study and to obtain 
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relative data on other types of or- 
ganizations employing professional 
people, the executive committee sought 
extra funds, and as a result of a pro- 
posal to the Carnegie Corporation of 
New York the Administrative Council 
has received a grant of $6,000 for this 
purpose. During the coming year, 
therefore, the study of salaries will be 
continued under Dr. Jackson’s direc- 
tion, and information will be sought 
from other professional schools and 
from industry. 

(4) A study of the problems in- 
volved in the transfer of students from 
emergency institutions to engineering 
colleges. Dean Harry P. Hammond 
undertook the chairmanship of a com- 
mittee to study this problem, and this 
group carried through a remarkably 
detailed survey of present problems in 
enrollment. A notable report of its 
findings was presented at the second 
general session of the Minneapolis 
convention. 

(5) A study of the problem of 
ROTC programs in engineering col- 
leges. This resulted in a full session 
on this subject as a part of the pro- 
gram of the Minneapolis meeting. 

During the year, the Administrative 
Council’s Committee on Military Train- 
ing Programs, under Dean Thorndike 
Saville, was very active and collabo- 
rated with the Engineering College 
Research Council in the st&dy in 
Washington of Federal legislation af- 
fecting engineering colleges. 
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Representatives of the Administra- 
tive Council were afforded an oppor- 
tunity by the Army to inspect the Uni- 
versal Military Training Experimental 
Unit at Fort Knox. 

The Administrative Council oper- 
ated on a budget of $1,850 for the past 
year, and it now appears that this 
amount substantially represents its ex- 
penditures. 

The President of the Administrative 
Council expres.ses his appreciation for 
the effective work of the executive com- 
mittee of the Council and of the vari- 
ous subcommittees which were ap- 


pointed. They formulated and carried 
through a program for the Council 
which I think it is fair to say continues 
it as an effective instrument fof the as- 
sistance of our engineering college ad- 
ministrators. The chairman wishes es- 
pecially to express his appreciation to 
Dean W. C. White, who carried out 
the work of Secretary with great effi- 
ciency and at all times kept the Presi- 
dent alerted to what should be done 
and how it should be done. 

Respectfully submitted, 

J. R. Killian, Jr., 

President 



Report of the President of the Engineering 
College Research Council 


This 1947 Annual Meeting marks 
the end of the first year of formal affili- 
ation between the Engineering College 
Research Council and The American 
Society for Engineering Education. 
At the annual meeting of the Engineer- 
ing College Research Association one 
year ago in St. Louis, the Secretary of 
the Association announced the ap- 
proval by our membership of a general 
proposal to merge the Research Asso- 
ciation into the reorganization of the 
Society for the Promotion of Engineer- 
ing Education, as the Engineering Col- 
lege Research Council of the American 
Society for Engineering Education. 

At that time a Committee was ap- 
pointed to formalize the terms of this 
affiliation; the report of this Commit- 
tee, in the form of By-Laws for the 
Engineering College Research Council, 
was accepted late last year by our mem- 
bership and became effective on Janu- 
ary 1. Every effort was made to carry 
out the commission of the members of 
the Engineering College Research As- 
sociation expressed at the 1946 Annual 
Meeting. Thus the E.C.R.C. is able 
to carry on autonomously in its public 
relationships and its publications pro- 
gram. We have an effective union 
with the A.S.E.E. ; the President of 
the Research Council is a member of 
the Executive Board of the A.S.E.E. 
we report to the President of the So- 
ciety, and our financial arrangements 
are coordinated with those of the So- 


ciety by the Society’s Treasurer. Af- 
ter one year’s experience, we feel cer- 
tain that the original objectives of the 
Research Association will not be sub- 
merged but very considerably bright- 
ened by the affiliation activated during 
the year. I firmly believe that, while 
the full promise of our new relation- 
ship with the A.S.E.E. has not yet 
been realized, the first year has given 
strong evidence that this new relation- 
ship can be of great benefit to both 
organizations. 

To support this conclusion and to 
make a j)roper report to the members 
of the A.S.E.E., I want to review 
briefly the activities with which the 
Research Council has been occupied 
during the past twelve months. Our 
work has centered around our three 
principle committees ; in addition, and 
in conjunction with the work of these 
committees, we have carried on an 
active and independent publications 
program. 

Our Committee on Relations with 
Federal Research Agencies is au- 
thorized to act in an advisory capacity 
to any government agency in further- 
ing cooperative research between that 
agency and any members of the Re- 
search Council. It is also authorized 
to undertake to advise a federal re- 
search agency as to institutions which 
are adequately equipped to perform 
research of a stated character. Through 
this committee in past years we have 
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made valuable contacts with the di- 
rectors of a number of government- 
sponsored research programs. These 
contacts have been furthered this year. 
In addition, the Committee has assisted 
several branches of the Armed Services 
in obtaining detailed information from 
our member institutions about research 
facilities and interests in certain spe- 
cialized fields. By invitation, several 
representatives of our member institu- 
tions had the unusual opportunity of 
visiting the Army Ground Forces 
Winter Test Task Forces in Wisconsin 
and Alaska, and their reports have been 
circulated to our membership. It is 
evident that the attitude of the engi- 
neering colleges toward research and 
research training has been neither com- 
pletely understood nor accepted by 
some of those directing government 
research programs. It is equally clear 
that difficulties and misunderstandings 
exist in matters of technical contractual 
relations between colleges and govern- 
ment agencies. The future work of 
our Committee on Relations with Fed- 
eral Research Agencies in both these 
fields should be helpful. 

Establishment of the National Sci- 
ence Foundation, if it is approved by 
Congress, will bring additional prob- 
lems of government liaison, which I 
believe the Research Council will be 
well prepared to accept. 

As a result of changing emphasis 
from war-time to peace-time engineer- 
ing research, a Committee on Rela- 
tions with Industrial Research Groups 
was activated by the Research Council 
following the annual meeting last year, 
and in its first year of service this 
Committee has already discovered 
many opportunities for important serv- 
ice. After reaching some conclusions 
as to the policies and attitudes of the 
engineering colleges toward research 


sponsored by private industries, the 
Committee sponsored a most success- 
ful roundtable Tuesday evenipg of this 
week on the subject of “The Relation 
of College Research Organization to 
Industry." The Committee is now 
considering plans to help bring an 
understanding of college research poli- 
cies and attitudes to the attention of 
industrial groups. At the same time 
the Committee will return to us with 
information about the desires and re- 
quirements of industry. I believe that 
this program for mutual understanding 
can go far to extend the value and 
scope of the research investigation and 
training which engineering colleges 
perform for industry. 

As most of you know, for several 
years the Engineering College Re- 
search Association was active in sup- 
port of the interests of the engineering 
profession in the proposed National 
Science Foundation. One of the first 
fruits of the affiliation between the So- 
ciety and the Research Council came 
early this year with the appointment 
of a Joint Committee on Federal Legis- 
lation, in conjunction with the Ad- 
ministrative Council. Dean Saville 
will follow on this program with a brief 
report on the National Science Foun- 
dation bill, thus far our major legisla- 
tive interest. Later Dean Norris will 
speak of another bill now before the 
Senate. The membership of the Re- 
search Council has been kept in touch 
with developments on these matters by 
a large number of circular letters from 
the Secretary's office. I believe we 
have made a substantial contribution 
to the success of the National Science 
Foundation bills, and I am certain that 
the groundwork has been laid for more , 
complete representation of the interests 
of engineering education in legislative 
matters. 



REPORT OF THE PRESIDENT OF THE RESEARCH COUNCIL 


To supplement the activities of the 
various committees, the Research 
Council throughout this year has car- 
ried on an active publications program. 
Early in the fall the papers from the 
last annual meeting of the Association 
were assembled and published as Pro- 
ceedings, and these have had circula- 
tion among industrial firms and the 
technical press as well as our member 
organizations. During the winter there 
was published a mimeographed book 
entitled “Exhibit of Patent Policies in 
22 Colleges and Universities,” which 
actually contained statements of patent 
policies from 24 member institutions. 
The Executive Committee has just 
authorized the reprinting and further 
distribution of this publication, and 
we hope to make copies available to 
all institutional members of the Society 
who may be interested. 

At its annual business meeting last 
Wednesday, the Research Council an- 
nounced publication of a new “Direc- 
tory of Member Institutions and Re- 
view of Current Research.” This pub- 
lication, which has constituted the 
major project of the Secretary's office 
since March, undertakes to give a brief 
summary of research and contract poli- 
cies at each member institution and 
indicates the fields in which each is par- 
ticularly active in research, normally 
by giving a list of current research 
projects. We have distributed a num- 
ber of copies at the meetings so far, 
and some have undoubtedly seen the 
new book. I might add that it has 
been accorded a very warm welcome, 
for which we are most gratified. Yes- 
terday morning the Executive Board 
of the Society authorized its reprinting 
for distribution to all the industrial re- 
search laboratories listed in the Na- 
tional Research G)uncil Bluebook. 
While we are anxious to prevent waste 


of the present edition, there are copies 
on the table here for general distribu- 
tion to research officers and others who 
may be interested at the close of this 
session. 

The end of the war has resulted in 
decreased high-pressuring of engineer- 
ing research and increasing interest in 
fundamental research problems. We 
all suspect that this is a most healthy 
influence. Despite the pressure of 
greater teaching loads, the year has 
brought in general a most favorable 
climate for research activities in engi- 
neering colleges. I see no reason to 
fear that this favorable climate cannot 
continue. The nation is conscious of 
the importance of scientific research as 
never before, and particularly in the 
field of basic research much psycho- 
logical and some financial support is 
happily available. In this respect, the 
possibility of a National Science Foun- 
dation cannot be underestimated. 

This is not to say that serious prob- 
lems do not remain for enginee»‘ing col- 
leges active in research. Many of our 
members are relatively new in the busi- 
ness of directing and supervising engi- 
neering research ; some are doing engi- 
neering research on a peace-time basis 
almost for the first time. We hope soon 
to bring into more active association 
with the Research Council many insti- 
tutional members of the Society whose 
research activities do not qualify them 
for full membership in the Research 
Council. All of these groups are ac- 
tively seeking solutions to a number of 
mutual problems, by mutually compar- 
ing experiences and results. The wide 
interest during the week just ending 
in the sessions of the Research Coun- 
cil, and other Society sessions dealing 
with research, is evidence of our pres- 
ent curiosity. The potential role of 
the Research Council is obvious. 



30 REPORT OF THE PRESIDENT OF THE RESEARCH COUNCIL 


The Constitution of the A.S.E.E. 
lists four primary purposes of the 
Council: (1) To further advanced 
study and research (both fundamental 
and applied) in engineering colleges; 
(2) To undertake sponsorship of such 
research to promote advancement of 
education and the profession; (3) To 
represent its members in cooperative 
work with associations and government 
agencies; and (4) To publish periodic 
reports of value to engineering re- 
search. I am very happy to report 


that, on the basis of our first year’s 
activities, I believe our affiliation with 
the A.S.E.E. gives promise that these 
purposes can and will be acliieved in 
full measure. I am certain that our 
activities this year represented sub- 
stantial progress toward our goal. I 
look forward to the years ahead with 
confidence that the Research Council 
will further prove its importance to 
the cause of engineering research and 
to the broad profession of engineering. 



Report of Committee on Transfer of Students 
from Emergency Institutions* 


In the fall of 1945 approximately 
73,000 students were enrolled in the 
engineering; colleges of the United 
States. t In the fall of 1946 enrollments 
had increased to more than 225,000. 
At that time fifteen institutions enrolled 
more students than had all the engineer- 
ing schools of the country the year be- 
fore. The Compton Committee report 
of 1946 refers to a recent survey which 
stated the estimated capacity of the 
engineering schools of the United 
States to be 155,000 students. Thus in 
a single year engineering enrollments 
had more than trebled and now exceed 
estimated maximum capacity by nearly 
fifty per cent. Data gathered by the 
Committee which submits the present 
report indicate that engineering schools 
of the United States are expecting to 
admit approximately 85,000 new stu- 
dents — freshmen, upperclassmen, and 
postgraduates — during the academic 
year 1947-48, and that their total en- 
rollments of all students, new and old, 
may be approximately 250,000. Be- 
cause of the growth of interest in scien- 
tific and technical pursuits one student 
out of every nine students of the coun- 
try, including both men and women, is 
now enrolled in engineering (not in- 

♦ Presented at the 55th Annual Meeting, 
A.S.E.E. (Administrative Council), Univer- 
sity of Minnesota, June 17-21, 1947. 

t In 1941-42, the last year of normal “pre- 
war" enrollments, the total number of engi- 
neering students in the United States was 
approximately 115,000, 


eluding related fields of physical sci- 
ence), and no abatement of this trend 
is in immediate prospect. Thus it 
seems clear that a rapid rate of increase 
of enrollments will continue during the 
coming year and that the resources of 
engineering .schools, already seriously 
overtaxed, will be loaded still further. 

In .spite of most strenuous efforts by 
all concerned to provide to the greatest 
possible degree to meet these demands, 
a great many students who desire to 
study engineering have been unable to 
gain admission to regular engineering 
colleges and have been forced to enter 
a variety of other types of institutions. 
Most of these students will seek admis- 
sion to engineering colleges later. At 
the same time young men still in mili- 
tary service, including both those who 
have and those who have not previously 
attended college, will seek admission 
upon their return. Unless some form 
of military training law is enacted which 
will call .students directly from high 
school to training camps, another wave 
of students just graduated from high 
school will add itself to the waves of 
applicants and students now in college. 

The total situation that confronts en- 
gineering colleges is, therefore, indeed 
a complex and difficult one, the most 
difficult, perhaps, of that of any impor- 
tant group of institutions. One phase 
of this general situation is that which 
relates to the admission of students by 
transfer from the several types of insti- 
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tutions in which they are now enrolled 
for their earlier years. The Executive 
Committee of the Engineering College 
Administrative Council requested our 
Committee to review this situation, to 
appraise the magnitude and nature of 
the problems involved, and to recom- 
mend policies and practices in relation 
to them. This we do in the report that 
follows. 

Early in our Committee’s discussion 
two points became clear : 

1. It was not desirable to confine at- 
tention to special new colleges estab- 
lished during the present emergency 
chiefly to accommodate veterans. Prob- 
lems incident to the transfer of students 
from such institutions to engineering 
schools seemed not to differ essentially 
from those incident to transfer from 
regularly established colleges that do 
not customarily admit pre-engineers, 
nor from those arising from the transfer 
from all types of “feeder” institutions 
that have now greatly expanded their 
enrollment. We have therefore in- 
cluded in our considerations students 
now enrolled in the following types of 
institutions : 

(a) Off-campus branches of the par- 
ent institution. 

(b) Institutions to which students, 
enrolled in the parent institution, 
have been “farmed out” for their 
first year or, perhaps, first two 
years. 

(c) Colleges of various types — lib- 
eral arts, teachers’ colleges, 
women’s colleges, etc. — many of 
which do not customarily admit 
pre-engineers. 

(d) Junior colleges which may or 
may not previously have ad- 
mitted pre-engineers. 

(e) “Emergency colleges” estab- 
lished with the specific purpose 


of providing, temporarily, educa- 
tional opportunities for those 
unable to gain admission else- 
where. 

2. It appeared to be impracticable ac- 
curately to determine the total number 
of students in the entire country who 
may seek to gain admission by transfer 
to engineering colleges this fall. We 
are able to present some territorial sam- 
ples and to hazard an estimate of total 
demand, and we have gained a reason- 
ably clear conception of the more im- 
portant aspects of the conditions — such 
as the extent of fresliman-year prepara- 
tion — that surround the admission and 
adjustment of transfer students to engi- 
neering college programs. 

In particular, it has become abun- 
dantly clear that the capacity of engi- 
neering colleges to admit all applicants 
will be far short of the demand no mat- 
ter what expedients might be adopted 
to provide for them. 

Magnitude of the Problem 

We present first a comparative sum- 
mary of enrollment statistics for 
1946-47 and estimated total capacities 
to receive students in 1947-48, based 
on responses from 108 engineering col- 
leges in all parts of the country. The 
same institutions are included in the 
two sets of figures. Estimated capaci- 
ties to admit new students are given in 
columns (7), (8), (9), and (11). 
Figures in column (2) should not be 
compared with those in column (7), 
since the latter do not include any 
freshmen carried over from last year, 
as in institutions that admit students at 
mid-years. Prospective percentage in- 
creases in total enrollment of under- 
graduates and postgraduates and of all 
students are given in columns (10), 
(12), and (13). 
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TABLE I 
1946-47 


1 

2 

3 

4 

5 

6 

No. of 
Colleges 

Freshmen 

Soph. Jr. 

Sr. 

Total 

Undergr's. 

Post-gr’s. 

Total 

Stud's. 

108 

72,110 

91,522 

163,632 

12,705 

176,337 


1947-48 


7 

8 

9 

10 

11 

12 

13 

New 

Freshmen 

New Soph. 
Jr. Sr. 

Total New 
Undergr's. 

Total 

Undergr's. 

New 

Postgr’s. 

Total 

Postgr’s. 

Total 

Stud’s. 

47,437 

13,306 

60,743 

183,809 

5,160 

13,726 

197,535 

Increase, 1946-47 to 1947-48 

12.3% 


7.5% 

12.0% 


By extrapolation based on the ratio 
of total students from 1946^7 in the 
above tabulation to the total of those 
tabulated in the Journal of Engi- 
neering Education for January 
1947,* a rough estimate of total enroll- 
ment for 1947-48 would be as follows : 

TABLE II 

Undergraduates 236,500 

Postgraduates 16,000 

Total, Undergraduates and Postgrad- 
uates 252,500 

By similar extrapolation, the number 
of new students to be admitted in 
1947-48 is estimated roughly to be : 


TABLE III 

New Freshmen 61,000 

New Sophomores, Junior, and Seniors 17,200 
New Postgraduates 6,000 

Total New Students 84,200 


These statistics have been adjusted for 
apparent duplication of veteran enrollments 
in some institutions and for omission of 
statistics from other institutions. 


These latter figures may be taken as 
the approximate capacity of the engi- 
neering colleges, with existing facilities, 
to admit new students during 1947-48. 
They may be compared with the total 
increase of 137,000 students (210,000- 
73,000) between the fall of 1945 and 
the fall of 1946. This will gi/e some 
concrete conception — though an in- 
complete one — of the extent to which 
prospective engineering students who 
seek admission are being dammed back. 

Students Seeking Admission. Sam- 
pling surveys of colleges of liberal arts, 
junior colleges, and one emergency col- 
lege, in California, Pennsylvania, and 
eleven mid-western states, enrolling in 
all 160,279 students, indicated that 15,- 
495 of these students desire to transfer 
to engineering colleges, a ratio of 9.7 
per cent.* If this ratio holds for the 

♦ This ratio varies widely in different 
types of institutions and, apparently to some 
extent, in different sections of the country. 
Our Committee’s studies show a range from 
3.9 per cent in liberal arts colleges in Ohio 
to 12.8 per cent in junior colleges in Cali- 
fornia. 
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total national enrollment of approxi- 
mately 930,000 students t in similar 
institutions, the total number seeking 
admission to engineering in advanced 
standing is approximately 90,000. 
(This figure is perhaps unduly weighted 
by enrollments in California Junior 
Colleges.) This society’s Committee 
on Manpower estimates this number to 
be approximately 55,000 freshmen and 
22,000 members of other classes, mostly 
sophomores. These students will doubt- 
less not all desire to transfer in one year. 
Tfowever, the comparison of the total 
number comprising this group with 17,- 
200, the number of new sophomores, 
juniors, and seniors which our Com- 
mittee estimates the engineering col- 
leges can receive next year, is signifi- 
cant of the general situation surround- 
ing engineering education to which ref- 
erence has already been made. Most 
institutions will give priority to their 
own returning ex-servicciiien in filling 
these 17,200 vacancies. It seems un- 
likely that a large fraction of the 80,000 
or more students now enrolled in other 
types of institutions awaiting transfer 
will gain admission to engineering col- 
leges either this year or next year. 

Thk Nature of the Problem 

Part of the problem that will confront 
engineering colleges this fall arises from 
the number and variety of types of in- 
stitutions in which transferring students 
have been enrolled. However, they 
seem not to promise any more or as 
much difficulty either in the nature of 
the problems or in number of students 
affected as have tho.se incident to the 
re-adjustment of former students of the 
Army Specialized Training Program 

t See “Study of Pre-Engineering Enroll- 
ment in Colleges and Universities (as of 
November, 1946)," by Henry H. Armsby, 
U. S. Office of Education. 


with which we have become familiar in 
the past year. 

The principal types of institutions in 
which students awaiting transfer have 
been enrolled have already been named. 
Remarks about each type, condensed 
from a considerable volume of material, 
may be of some interest and value. 

State Sponsored Emergency Col- 
leges. The state education departments 
of Massachusetts, New York, Pennsyl- 
vania, and North Carolina have spon- 
sored and supported the organization of 
special emergency, and presumably 
tcm])orary, in.stitutions as follows: 

Fort Devens College, Massachusetts. 

Champlain, Mohawk, and Sampson 
Colleges, New York. 

The so-called "Area College Cen- 
ters,” ten in number in Pennsyl- 
vania under the direct supervision 
of the State Department of Public 
Instruction, and seven additional 
area or "Credit” centers adminis- 
tered by The Pennsylvania State 
College in cooperation with the 
State Department of Public In- 
struction. 

Twelve centers of instruction in 
North Carolina. 

Farragut College in Idaho, which is 
also of emergency type but is pri- 
vately financed. 

In Massachu. setts. New York, and 
Idaho the institutions are located on 
military reservations. In Pennsylvania 
and North Carolina classes are con- 
ducted during the late afternoon or 
evening hours in high school buildings. 
Boards of trustees of the institutions 
are for the most part comprised of 
presidents of institutions of the state or 
vicinity. Equipment for science courses, 
meager at the start, is now being accu- 
mulated more adequately. In some 
states, faculties are comprised of experi- 
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enced college teachers; in others, high 
school teachers are employed. In 
Pennsylvania the proportion of college 
teachers in the various area colleges 
ranges from 100 per cent to zero. All 
teachers appear to be carefully chosen, 
drilled, and supervised and their morale 
and effectiveness have been commented 
on favorably by meml>ers of the Com- 
mittee who visited the institutions and 
observed their work. Admission re- 
q-uirements are much the same as in 
many i)ublicly supported institutions 
though rather more liberal, both in 
statement and in application. Require- 
ments in mathematics are somewhat 
light, but with few excei)tions, entering 
students offer more than minimum re- 
quirements. Curriculum re.quirements 
are about the same as in regular engi- 
neering schools, except for fewer total 
required credits, the following examples 
being typical : 

Freshman year, each semester: 
Mathematics — semester credit hours ... 5 


Cliemistry 

Drawing and descriptive geometry 4 

English 3 

Total 16i 


Freshman and sophomore years, total 
credits for four semesters : 


Mathematics — semester credit hours 16 

Chemistry 10 

Physics 

Drawing and descriptive geometry 6 

English 8 

Total 48 


In New York and Pennsylvania 
more than one-third of the students in 
emergency colleges were enrolled in 
engineering. 

While most of these institutions were 
for the most part originally established 
to offer work of the freshman year 


only, the pressures upon them are such 
that steps are being initiated to extend 
their programs to two years, and at 
least one institution has announced the 
hope of becoming permanent. If stu- 
dents continue in them for more than 
two semesters the problems of senior 
engineering schools to provide pro- 
grams such that they can complete 
normal degree requirements in a total 
of eight semesters are likely to be very 
difficult. Summer session adjustment 
programs may be necessary for such 
students. 

Liberal Arts, Teachers', Women's, 
and other Types of Colleges. These 
institutions in the aggregate enroll a 
good many students hoping to transfer 
to engineering. It is from these insti- 
tuions, many of which have little or 
no prior experience with pre-engineers, 
that perhaps the greatest variety of 
problems will arise. The institutions 
vary within wide limits of quality, up 
to the highest ranks of academic ex- 
cellence — as with certain of the wom- 
en’s colleges. Standards of admission 
also vary : in some instances where the 
admission of male veterans has been 
undertaken as a public service, admis- 
sion standards have been relaxed as 
compared with those required of regu- 
lar entrants. Curricula also vary 
widely, from those substantially the 
same as the usual engineering fresh- 
man year to some that differ in im- 
portant respects. The following, for 
example, omits engineering drawing: 


English — semester credits 6 

Bible 3 

History, economics, or other elective .... 3 

Chemistry 6 

Mathematics 6 


Another example of admission re- 
quirements and pre-engineering cur- 
riculum provisions in twenty-four lib- 
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eral arts colleges in Kentucky, Indiana, 
Michigan, and Ohio follows : 

Typical entrance requirements, in 
Carnegie units: 


English 3 

Foreign language 2 

History 

Laboratory science 
Mathematics 

Total specified 
Total required 15 


Curriculum provisions, freshman and 
sophomore years, in semester credit 
hours : 



Most 

Fre- 

quent 

Min. 

Max. 

Chemistry 

8 

8 

16 

Physics i 

10 

8 

16 

Mathematics 

19 

15! 

28 

Drawing 

3 

0 

6 

Descriptive geometry 

3 

0 

1 5 

English 

6 

0 

12 


Some of these curricula exemplify 
a particular point : semester credits in 
mathematics, in some instances, are 
limited to six for the freshman year. 
Yet an examination of the syllabi of 
the courses discloses that the work ex- 
tends through analytical geometry, and 
acquaintance with the quality of the 
work of the institutions and a study of 
examination papers make it clear that 
students who pass the courses will have 
covered fully the work of the customary 
engineering requirements in trigonom- 
etry, college algebra, and analytical 
geometry. Male students taking cer- 
tain of the courses were finding diffi- 
culty in keeping up with the women 
students. The point to be observed 
appears to be that evaluation based on 
credits awarded in the feeder institu- 
tions may be misleading, either one 


way or the other: over-evaluation or 
under-evaluation. Placement tests in 
mathematics and science may be a 
more accurate way to appraise the 
preparation of students transferring 
from this group of institutions. 

Junior Colleges, The situation as 
I to transfer from junior colleges differs 
from previous experience chiefly as to 
the numbers of students involved and 
the fact that some engineering colleges 
are likely to admit such students in 
significant numbers for the first time. 
In this connection it may be appro- 
priate to remark that the present emer- 
gency is tending to accelerate the trend 
toward enrollment of students in the 
thirteenth and fourteenth (junior col- 
lege) grades of public school systems 
and thus greatly, and perhaps perma- 
nently, to increase the number of stu- 
dents seeking admission to the junior 
year of engineering colleges. 

Off-Campus Branches of the Parent 
Institution. No phase of the present 
emergency is more interesting than the 
establishment of branches of the main 
institution. As examples, Illinois has 
branches at the Navy Pier, Chicago, 
enrolling 2,500 freshmen, a branch at 
Galesburg, enrolling 1,000 freshmen, 
and “Centers’* in more than thirty 
high schools. The numbers of pre- 
engineers at these branches in 1946-47 
were, respectively: 1,300, 100, and 
1,000 (650 of whom are headed for 
the University’s campus). Wisconsin 
has thirty-four extension centers en- 
rolling 5,500 students, including pre- 
engineers. Iowa State College and 
Georgia School of Technology have 
overflow groups at nearby military 
camps and transport faculty or stu- 
dents or both back and forth from 
campus to camp for special purposes, 
such as instruction by teachers or lab- 
oratory work by students. Other uni- 
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versities have also established branches, 
but the details of their operation are 
not known to our Committee. The 
Pennsylvania State College has “farmed 
out’* its first-year students as follows: 
to its own four “undergraduate cen- 
ters,” or junior colleges, to its school 
of forestry, to thirteen state teachers 
colleges, and to four cooperating pri- 
vately endowed colleges, where its 3,- 
000 freshmen, including 1,000 engi- 
neers, are enrolled. In these instances 
the regular freshman engineering cur- 
ricula are in effect, and the work is 
coordinated by the parent institution. 
Curricular problems of transfer will 
not be difficult. Placement examina- 
tions in English and mathematics are 
proposed as means of determining 
whether special adjustmehts will be 
needed in subject matter or to up- 
grade students. 

A similar process of farming out 
students has been adopted by Alabama 
Polytechnic Institute and the Univer- 
sity of Alabama which have 1,000 stu- 
dents enrolled in “basic curricula” of 
the freshman and sophomore years in 
twelve cooperating institutions. There 
is no guarantee of admission to the 
parent institution at the end of the 
two-year period. 

Summary 

The most significant condition that 
confronts the colleges of engineering 
is the sheer weight of numbers. The 
necessity of providing special adjust- 
ment prograpis for students transfer- 
ring in advanced standing tends to 
augment difficulties caused by over- 
crowded enrollments by imposing addi- 
tional scheduling and adjustment prob- 
lems on heavily burdened teaching and 
administrative staffs. More than the 
normal number of hours of the aca- 
demic day, the teaching of abnormally 


large classes and the accompanying 
load of problem correction, working 
under the strain of attempting to main- 
tain proper standards of instruction, 
often under very difficult conditions — 
all of these add to the difficulties of 
operating engineering colleges. In 
short, conditions are without precedent. 

In most instances the campus work 
of engineering schools is being done in 
very little space in addition to that 
available in pre-war years. In a ma- 
jority of institutions it has not been 
possible to increase faculties in pro- 
portion to the increase in students. 
Budgets have lagged far behind en- 
rollments. And over everything hangs 
the uneasiness that results from not 
being able to provide for the tens of 
thousands of worthy applicants who 
^'annot be admitted. 

Of course, there are brighter sides 
of the picture. Chief of these is the 
high quality of our students and the 
purposefulness of their work. Never 
before have we had such an able, 
courteous, or responsive grotip of stu- 
dents to work with; and that serves 
greatly to ease all our difficulties. An- 
other is the boon of increased research 
activities ; which also helps to maintain 
our morale. Finally, there is the stim- 
ulus which comes from the increase in 
graduate work. Somehow, in spite of 
the compounding of burdens, we are 
managing, collectively, to progress in 
both these latter directions. And this 
is vital to the welfare and progress of 
engineering education. 

Our Committee has discussed these 
matters with a view to selecting those 
aspects of the problems on which rec- 
ommendations may be laid before you. 

We recommend as follows : 

1. That while colleges should oper- 
ate as nearly as possible at full capac- 
ity, they should not admit more stu- 
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dents than can be taught effectively. 
On the average, it seems probable that 
the maximum number that can he ad- 
mitted under this condition will be 
reached in 1947-48. 

We base this recommendation on 
the fundamental belief that the one 
fault that should be avoided at all costs 
is the providing of substandard educa- 
tion, especially for students preparing 
for professional careers. 

2. That facilities and staffs be de- 
voted to as great an extent as feasible 
to upperclassmen and graduate stu- 
dents. Since there is a large surplus 
of applicants for admission in advanced 
standing, preference may be given to 
such applicants over freshmen. Suit- 
able safeguards should be established to 
control the quality of students admitted 
in advanced standing. 

3. That educational facilities be re- 
served for the better qualified students 
at all levels. 

4. That preference in granting ad- 
mission be given to students who have 
removed important irregularities of 
schedules. In cases where students 
must be admitted with such irregulari- 
ties, they should be required to make 
them up as promptly as possible, par- 
ticularly in summer sessions. 

5. In the interest of faculty health 
and effectiveness, where it has not al- 
ready been done, that the three-se- 
mester or four-term academic year be 


abandoned at once in favor of the cus- 
tomary two-semester or three-term 
year, with summer sessions serving 
only as adjustment periods^ and not 
for acceleration. 

6. That achievement and/or apti- 
tude tests be given in key subject^ : 
mathematics, physics, chemistry, and 
English, to students admitted in ad- 
vanced standing, and that subsequent 
classes in these subjects or in subjects 
involving their use be sectioned on the 
basis of preparation and ability. 

7. That this Society take prompt 
steps to set up an agency for the ex- 
change of teachers. 

8. That research and postgraduate 
work be fully maintained because of 
the necessity of producing as promptly 
as possible an adequate supply of re- 
cruits for teaching and research staffs. 

9. That the former practice of state 
and municipally supported institutions 
of admitting students from outside of 
their states or municipalities be restored 
as soon as feasible. 

Respectfully submitted, 

Ray Palmer Baker 
II. W. Barlow 
L. M. K. Boelter 
J. E. Buchanan 
C. L. Emerson 
Frank Kerekes 
H. E. Nold 

H. P. Hammond, Chairman 



Report on Present-Day Salaries of Members of the 
Instruction Staffs of Engineering Schools 
in United States and Canada* 


Foreword 

The object of this report is to meet 
the request of the Administrative Coun- 
cil of the American Society for En- 
gineering Education to make a «:urvey 
of the staff compensation in the engi- 
neering colleges and to give the results 
thereof, with the supplementary idea 
of comparing the current compensa- 
tion with the data on salaries given in 
the report on “Present Status and 
Trends in Engineering Education in 
the United States,” which was pre- 
pared by the signer of this report and 
published in 1939 by the ECPD, The 
present report, which was proposed by 
the Executive Committee of the Engi- 
neering College Administrative Coun- 
cil, is under the direction of the Presi- 
dent and Secretary of the Council. Dr. 
Killian requested the signer of this 
report to supervise the collection of the 
data and its analysis and publication, 
and assigned Mr. M. G. Kispert to 
assist in the matter. Colonel D. C. 
Jackson, Jr., who directed the analysis 
of the material for the 1939 Status and 
Trends report agreed to participate. 

Therefore a questionnaire was pre- 
pared to send out to all engineering 
schools in the United States and Can- 

♦ Presented at the 5Sth Annual Meeting 
A.S.E.E. (Administrative Council), at the 
University of Minnesota, June 17-21, 1947. 


ada inquiring regarding the salaries of 
the different ranks in the staffs and 
the conditions of their employment. 
Its form corresponded with the form 
used for obtaining this particular infor- 
mation by the ECPD Committee on 
Engineering Schools in the 1930*s. 
This makes the data in the present 
report comparable with those on sal- 
aries and conditions of work in the 
1939 Status and Trends report, which 
referred more particularly to the years 
1934-36. Thus a comparison of the 
two reports shows the changes in sal- 
aries after a period of substantially ten 
years. 

The interest exhibited in this matter 
is .shown to be very notable, because 
within 36 days of their mailing 148 
completed questionnaires had been re- 
turned, which was 92.5% of the total 
number sent out. 

Colonel Jackson, Mr. Kispert and I 
all agree in the interpretations and 
conclusions given throughout this re- 
port, and the interpretations therefore 
are founded on a large variety of suc- 
cessful experience. 

Dugald C. Jackson 

Introductory 

During the period when the Com- 
mittee on Engineering Schools of the 
Engineers* Council for Professional De- 
velopment was carrying forward its 
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original program of accrediting engi- 
neering curricula, the salary level of 
engineering faculties was generally 
rather low. Indeed it was suHiciently 
low to warrant concern that ultimately 
it would be a deterrent to the continued 
advance of engineering education, which 
is essential to industrial progress and 
the welfare of the nation. Two quota- 
tions from the ECPD 1939 report on 
“Present Status and Trends of Engi- 
neering Education in the United States” 
(hereinafter referred to as the 1939 re- 
port) will highlight this point. 

^'Salaries, extent of conventional teach- 
ing loads, and facilities provided for the 
teaching, stand about stationary except 
in some notable institutions.” (Page 
142) 

. . the continuing low level of en- 
gineering school salaries in so many of 
the institutions” (compared with indus- 
trial salaries) ‘‘undoubtedly affects the 
distinction of the faculties, since many 
men of fine qualifications for faculty 
positions, and tastes which would lead 
them in that direction, have obligations 
which press them toward industrial em- 
ployment rather than entering low-sala- 
ried positions in faculties of engineering 
schools with inadeejuate financial suport. 
Many such engineering schools are dis- 
tant from the centers of great population 
and large engineering activity, so that 
inadequate salaries in such locations tend 
to isolate the teachers from contact with 
important engineering activities and also 
prevent resonably frequent attendance on 
the stimulating meetings of professional 
engineering societies.” (Page 79) 

The average of salaries had remained 
at a low level since the report of the 
SPEE Board of its study of 1923 to 
1929 which was published in 1930 and 
1934. 

If these statements were true in 1939 
at the end of the depression of th^ 
1930*s, it is even more important at 


the present time for the benefit, not 
merely of engineering education but of 
the entire profession of engineering and 
even of the nation itself, thaf consider- 
able upward revision of engineering 
school salaries be brought to pass. 
This is because of the sizeable increases 
in cost of living and in salaries paid 
by industry to engineers. This report 
therefore provides information as to 
whether engineering schools generally 
have maintained the level of their fac- 
ulty salaries commensurate with the 
increase of cost of living. 

Treatment of Gathered Material 

For convenience in comparison, the 
engineering schools utilized in this 1947 
report are grouped successively in Geo- 
graphical Regions and Types of Insti- 
tutions in the same manner as in the 
1939 report. In the 1939 report the 
effectiveness of institutions was tested 
by grouping them according to the 
proportion of the curricula in the pro- 
gram of each institution which had been 
accredited at that time by the Engi- 
neers' Council for Professional Devel- 
opment. We are here dealing with 
adequacy of salaries compared with cost 
of living, and the grouping according 
to accrediting has not been made for the 
present report. However, a general 
comparison between salaries and ac- 
credited standing is herein made. 

Regions I to VII in the present re- 
port correspond directly to the seven 
Geographical Regions in the 1939 re- 
port and are as follows : Region I : 
New England States. Region II : Mid- 
dle Atlantic States. Region III : North 
Central States. Region IV : South 
Eastern States. Region V : South Cen- 
tral States. Region VI : South West- 
ern States. Region VII : North West- 
ern States. The detailed listing of the 
states and the District of Columbia in 
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these seven regions is given in Ap- 
pendix A, pages 153 and 154, of the 
1939 report. In this present 1947 re- 
port, Region VIII has. been added to 
include the engineering schools in Can- 
ada, Alaska, and Hawaii, which were 
not included in the 1939 report because 
the Committee on Engineering Schools 
of ECPD did not have them on its ac- 
crediting list. 

In both reports eight type groups 
are used in accordance with the types 
of the institutions in which engineering 
instruction is given. This was deter- 
mined jointly by the scope and the 
major source of support of each insti- 
tution. These types are not separated 
by sharp lines of demarcation but none- 
theless are classed rather readily into 
the following eight groups; 

Privately Endowed Universities 

wState Universities 
Municipal Universities 
Privately Endowed Polytechnic Insti- 
tutes 

State Polytechnic Institutes 

State Colleges of Engineering and Ag- 
riculture 

Privately Endowed Colleges 
Military Colleges 


The military colleges include both those 
privately endowed and those supported 
by state or federal funds. A' more de- 
tailed explanation of these groups is 
given on page 74 of the 1939 report. 

The 1939 report was concerned only 
with engineering schools within the 
continental limits of the United States, 
which accounts for the use of the word 
‘‘state” in connection with universities, 
polytechnic institutes, and colleges of 
engineering and agriculture to desig- 
nate institutions whose government is 
under the controls of state legislatures 
and whose finances to a large extent 
come from legislative appropriations of 
state tax funds. Institutions similarly 
governed and supported but located in 
United States territories or in the prov- 
inces of Canada are included in the 
1947 report. Hence the term “state” 
in this latter report includes all of such 
institutions whether in the United 
States, its territories, or Canada, and 
also at least one institution which is 
supported by federal funds. 

The table below gives the numerical 
distribution of engineering schools both 
by geographical regions and by types 
of institutions for the 1939 and 1947 
reports. 


Regions 

1939 

Report 

1947 

Report 

Types of Institutions 

1939 

Report 

1947 

Report 

I 

13 


Endowed Universities 


26 

II 

32 


State Universities 


45 

III 

25 


Municipal Universities 


6 

IV 

21 

21 

Endowed Polytechnic Institutes 


16 

V 

16 

16 

State Polytechnic Institutes 


12 

VI 

15 

115 

State Colleges of Eng’g. and Agri. 


19 

VII 

11 

12 

Endowed Colleges 


15 

VIII 

— 

10 

Military Colleges 

mm 

4 


133 

143 


128 

143 


Note: The 1939 report dealt only with those institutions that had been visited in connection 
with accrediting. 
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Out of 135 institutions visited by 
the Committee on Engineering Schools 
and of which the curricula were acted 
upon by October, 1938, one was omitted 
from the tables because of inadequate 
information and one had withdrawn 
from engineering work prior to the 
1939 report. The salary charts by re- 
gions therefore as of that date deal with 
133 institutions. The data in the ques- 
tionnaires of five institutions were not 
available for classification by types, 
which caused the number of institu- 
tions in these charts and tables to be 
reduced to 128. For the 1947 report, 
questionnaires were received from 148 
institutions. Unfortunately, in five 
cases the questionnaires arrived after 
the analyses were well under way or the 
information proved inadequate. Thus 
the data from 143 engineering schools 
were used in preparing the tables and 
charts in this report. 

The 1947 data have produced two 
tables and eleven charts, as compared 
with one table and five charts on sal- 
aries in the 1939 report. In the latter, 
Chart 5 contains data for two academic 
ranks. In order that the results may 
be comparable, the same basic approach 
has been used in the present report as 
in the 1939 report. For each of the 
four faculty ranks (Instructor, Assist- 
ant Professor, Associate Professor, 
Professor) the following are shown : 
medians of maximum, average, and 
minimum values of the salaries. The 
data on Department Heads, which in- 
clude Chairmen of Departments, have 
been incorporated with the data on the 
academic ranks which the individuals 
hold. The 1947 report also supplies 
similar information for Department 
Heads separate from the regular fac- 
ulty, which was not separated in the 
1939 report. 


The additional table in this report gives 
the salaries by geographical regions for 
the four academic ranks and also sep- 
arately for the Department Heads. The 
additional charts in this report show the 
salaries geographically as follows: By 
regions — Chart 3, Associate Professors; 
Chart 7, Instructors; Chart 9, Depart- 
ment Heads; for the ten highest paying 
engineering schools — Chart 11, Depart- 
ment Heads and the four academic ranks. 
In this last chart the selection of the ten 
highest paying institutions was based 
upon the average salaries of Professors, 
and therefore they are not necessarily the 
ten highest paying institutions in the 
other ranks. 

The 1947 salary figures are on the 
academic-ycar basis, which is assumed 
to be about nine calendar months. The 
information in the questionnaires indi- 
cated that to a large extent additional 
salary is paid for summer teaching, ap- 
proximately 33*/{ per cent of the sal- 
aries for the academic year of nine 
months for Instructors and Assistant 
Professors, and 25 per cent of the nine- 
month salary for Associate Professors 
and ProfeSvSors. In view of this fact it 
was decided to reduce the reported 
twelve-month salaries (reported by 25 
institutions), except tho.se of Depart- 
ment Heads, to a nine-month basis in 
accordance with the foregoing increases 
for summer work. Since Department 
Heads give substantially twelve months' 
service, regardless of how the salaries 
are paid, the full amounts of those sal- 
aries as reported by the institutions are 
used in this report when developing 
medians for Department Heads only, 
but those salaries were reduced to the 
nine-month basis when incorporated 
with salaries of Professors. 

Because the 1939 report was based 
on information gathered by the Com- ^ 
mittee on Engineering Schools for a 



PRESENT-DAY SALARIES IN ENGINEERING SCHOOLS 


more general objective, the data avail- 
able at that time were not always sus- 
ceptible to a reduction to an academic- 
year basis. Thus some of the salary 
figures utilized in preparing the tables 
and charts for that report were for 
twelve months, although the vast quan- 
tity of them were for the academic year. 
However, even a cursory viewing of 
the charts in the two tables will show 
that this does not interfere with the in- 
dication of trends in sahiries nor invali- 
date the conclusions drawn from the 
1947 data. 

Between the gathering of the data 
for the two reports, three changes have 
occurred in the organizations or activi- 
ties of institutions included in the 1939 
report, which affect their treatment in 
the 1947 report. The most drastic of 
these changes is proba])ly the amalga- 
mation of an endowed college with an 
endowed polytechnic institute into an 
enlarged endowed polytechnic institute 
of greater scope. The other changes 
have caused two institutions to be 
shifted between groups in the analysis 
of data according to types of institu- 
tions; from endowed college to en- 
dowed university, and endowed college 
to state university, on account of a shift 
in a major portion of financial support 
or of enlargement of university-type 
activities. 

The great bulk of the staff compensa- 
tion in the engineering schools consists 
of salaries for instructional duties and 
research activities directly connected 
with the educational programs of the 
institutions. However the engineering 
schools are conducting considerable re- 
search for industry and the government 
on a contract basis, and for this fre- 
quently utilize the part-time services 
of members of their teaching staffs. 
This additional activity of engineering 
schools, related to but not part of their 
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regular educational programs, raised the 
thought of developing information — 

On institutional policy for payment 
of supplementary compensation, 
and 

On f)rocedures for paying staff mem- 
bers for work on contract research 
for industry or government. 

A consideration of the complexities in- 
volved and the time required to obtain 
the information, which would be rea- 
sonably complete and comparable be- 
tween institutions, showed that an ade- 
(piatc study could not be completed in 
time for presentation to the Administra- 
tive Council at the 1947 annual meeting 
of ASEE. Therefore it was deemed 
better to incorporate such a study in 
the survey to be made of the salaries of 
staffs of other kinds of professional 
schools and of engineers in industry. 

Discussion of Charts and Tables 

Charts 1, 3, 5, 7, and 9 relate to sal- 
aries respectively of Professors, Asso- 
ciate Professors, Assistant Professors, 
Instructors, and Department Heads 
separately given, shown according to 
the first seven of the Geographical Re- 
gions. Data for Region VI 1 1 salaries 
arc given in Table 1, but are not shown 
graphically in the charts by regions. 
Charts 1 and 5 are comparable respec- 
tively to Charts 1 and 2 of the 1939 
report. 

The pattern of salary variation from 
Region I to Region VIII in 1947 is 
similar in all five ranks, including the 
Department Heads, and this is the same 
general pattern as appeared in the 1939 
report for the first seven regions, based 
upon the salaries in the middle 1930’s. 
Thus the following statement, which 
was made on page 76 of the 1939 re- 
port, holds true also for the 1947 infor- 
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CHART I. ANNUAL SALARIES OF FACULTY MEMBERS 
PROFESSORS 

INCLUDING DEPARTMENT HEADS » 

Engineering Schools Arranged by Geographical Regions 
Median Values of Maximum, Average, and Minimum Salaries 
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mation : “Regions I, II, III cover areas 
of population and industrial density, 
and generally speaking of relatively 
high cost of living, and in these regions 
the salaries are notably higher than in 
the others." 

Table 1 contains the information 
upon which the charts just discussed 
are based. The graphical form has 


been used for the presentation of the 
information on the separate ranks since 
it more readily shows the variation of 
salaries between general geographical 
regions and that the pattern holds true 
regardless of rank. However, this 
method does not give an overall com- 
posite picture of conditions throughout 
the nation, and Table 1 was developed 
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CHART 2. ANNUAL SALARIES OF FACULTY MEMBERS 
PROFESSORS 

INCLUDING DEPARTMENT HEADS 
Engineering Schools Arranged by Types of Institutions 
Median Values of Maximum, Average, and Minimum Salaries 
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to provide this general view. This 
manner of treatment of data is utilized 
also in the case of the groupings by 
types of institutions. 

Charts 2, 4, 6, 8, 10 of this report 
give information corresponding respec- 
tively to Charts 1, 3, 5, 7, 9 of the re- 
port except that the grouping of the 
results is according to the types of insti- 
tutions instead of according to geo- 
graphical regions and the data for the 
institutions in Canada, Alaska, and 


Hawaii are included. The relation of 
the charts in the 1947 and 1939 reports, 
for comparative purposes, is as follows : 

1947 Chart 2 with 1939 Chart 3 

1947 Chart 4 with 1939 Chart 4 

1947 Charts 6 and 8 with 1939 Chart 5 

First giving specific attention to the 
salaries of Associate Professors and 
Instructors both for the middle of the 
depression of the 1930’s and for the 
immediate post-war period, a compari- 
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CHART 3 ANNUAL SALARIES OF FACULTY MEMBERS 
ASSOCfA TE PROFESSORS 
Engineering Schools Arranged by Geographical Regions 
Median Values of Maximum, Average and Minimum I946~47 Salaries 




REGIONS 


son of the correbponding charts shows, 
between the two periods, that the aver- 
age increase in salaries of Associate 
Professors approximates $900 and of 
Instructors is about $700. It is to be 
noted that these values are substantially 
the same as the increase for Assistant 
Professors and Professors as developed 
in the discussion of the regional charts. 
For Associate Professors the greatest 
increase in the median of average sal- 
aries ($1,200) was made by the State 
Colleges of Engineering and Agricul- 
ture and the smallest increase in aver- 
age salaries ($700) occurred in the 
Municipal Universities. Similarly, for 
Instructors the maximum and mini- 


mum inci eases in medians of average 
salaries between the 1939 report and 
the 1947 report are respectively $900 
by the State Colleges of Engineering 
and Agriculture and $400 by the State 
Polytechnic Institutes. 

There is not as consistent a pattern 
from rank to rank when engineering 
schools are arranged by types of insti- 
tutions as in the regional grouping. 
However, the 1939 report shows that 
the Endowed Polytechnic Institutes and 
the Endowed Universities had the high- 
est average salaries for the three upper 
ranks, with the Municipal Universities 
standing in third place in each case. 
For Instructors, the Municipal Uni- 
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CHART 4 ANNUAL SALARIES OF FACULTY MEMBERS 
ASSOCIATE PROFESSORS 
Engineering Schools Arranged by Types of Institutions 
Median Values of Maximum, Average, and Minimum I946‘47 Salaries 



TYPES OF INSTITUTIONS 


versifies granted the highest average 
salaries, with the other two groups fol- 
lowing in a tie for second place. The 
medians of average salaries of all four 
ranks are definitely lower in the other 
five types of institutions. 

In 1946-47 the pattern of salary vari- 
ation between types of institutions, for 
medians of average salaries, is rather 
similar to that in 1939. However, the 
State Universities have overtaken the 
Municipal Universities during the dec- 
ade between the gathering of the data. 

The apparent gain by the lower pay- 
ing types of institutions in the average 
salaries of the lower ranks is salutary. 


However, it seems to be partly because 
the higher paying types of institutions 
have not had relatively as large an in- 
crease in average salaries. It is rather 
serious that the overall median of aver- 
age salaries of Associate Professors in 
all types of institutions is less than 
$4,000, of Assistant Professors is less 
than $3,400, and of Instructors is less 
than $2,600. These can hardly be con- 
sidered as satisfactory base incomes 
(even though for the academic year 
only) for professional men with the ex- 
perience and competency required for 
the specific ranks. The situation is even 
more serious when the overall medians 
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CHART 5. ANNUAL SALARIES OF FACULTY MEMBERS 

ASSISTANT PROFESSORS 

Engineering Schools Arronged by Geographical Regions 
Median Values of Maximum, Average, and Minimum 1946*47 Salaries 
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of minimum salaries for each rank are 
considered, especially in view of the 
large increase in the cost of living. 
Chart 10, dealing with the salaries 
of Department Heads, shows a similar 
pattern of salary variation, except for 
medians of averages at Endowed and 
State Universities. This last is pos- 
sibly owing to the fact that in many of 
these universities there is no permanent 
head or chairman of the department; 
the department chairmanship is without 
additional compensation for the admin- 
istrative duties, being rotated among 
the members of the department, some- 
times even without regard to academic 
rank. In considering the salaries of 
Department Heads, it is worthy of note 
that the medians of average salaries for 


Regions II and III, as shown in Chart 
9 and Table 2, are much greater than 
for the other six regions. 

Engineering school salaries still are 
higher in the regions where the greater 
proportion of the total number of insti- 
tutions are fully or nearly fully ac- 
credited. Since the original accrediting 
program, there have been about the 
same number of improvements in ac- 
crediting in Regions I, II, and III to- 
gether as there have been in Regions 
IV, V, VI, and VII combined. There- 
fore the following statement in the 1939 
report still appears to be true : 

‘‘Since the engineering schools which 
have a high proportion of their curricula 
accredited . . . are, in general, those in 
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CHART 6. ANNUAL SALARIES OF FACULTY MEMBERS 
ASSISTANT PROFESSORS 
Engineering Schools Arranged by Types of Institutions 
Median Values of Maximum, Average, and Minimum 1946*47 Salaries 
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which the higher salaries are paid in the 
several teaching ranks, this relation prob- 
ably is significant. The correlation may 
come about through the higher salaries 
enabling these institutions to secure abler 
engineers and scientists, as w^ell as abler 
men in the other branches, for all ranks 
of their teachers. Even though the sal- 
aries in the lowest ranks may not be of 
the highest level, the stimulating influ- 
ence of opportunity is there — regarding 
ultimate salary, recognition of creative 
work, and personal appreciation as dis- 
tinction is earned.” (Page 82) 

For the 143 engineering schools as 
a group, the 1947 data show that the 


average increase in salary for all ranks, 
over the salaries for the earlier dates, 
is approximately the same — less than 
$1,000. In view of the great increase 
in the cost of living since 1940, it is 
important that particular attention be 
given to the lower two ranks. These 
men must have adequate income for 
reasonably satisfactory support of their 
families without having to resort to 
activities of a “pot-boiling*' character 
to supply the necessities of life and 
thereby divert their attention from 
maintaining their competency in their 
professional fields. However, since the 
dollarwise increase in average salaries 
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CHART 7. ANNUAL SALARIES OF FACULTY MEMBERS 

INSTRUCTORS 

Engineering Schools Arranged by Geographical Regions 
Median Volues of Maximum, Average, and Minimum 1946*47 Salaries 
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CHART 8. ANNUAL SALARIES OF FACULTY MEMBERS 


INSTRUCTORS 


Engineering Schools Arranged by Types of Institutions 
Median Values of Maximum, Average, and Minimum 1946*47 Salaries 
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CHART 9. ANNUAL SALARIES OF FACULTY MEMBERS 

DEPARTMENT HEADS 

Engineering Schools Arranged by Geographical Regions 
Medlon Values of Maximum, Average and Minimum 1946-47 Salaries 
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is substantially the same for all ranks, 
the differentials between Instructors’ 
and Professors’ salaries have been some- 
what reduced. This gives even greater 
force in 1947 to the following statement 
made on page 79 of the 1939 report : 

‘Tt is reasonable to view with caution 
moderate levels of professors’ salaries as- 
sociated with relatively high minimum 
salaries in the lower ranks (as found for 
some institutions), as likely to gather 
ultimately into such teaching staffs the 
less creative and more mediocre types of 
men, there seeming to be only moderate 


ultimate levels of salary (and probably 
of achievement) to be reached in at least 
some of those institutions under their 
present conditions.” 

In general the medians of the average 
values of salaries in the charts are in- 
dicative of what the faculty members 
in each rank are receiving as compensa- 
tion for their activities during an aca- 
demic year. This does not include any 
income received in connection with a 
part-time consulting practice or from 
publications or special research work 
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TABLE 1 

Annual Salaries of Faculty Members 
Engineering Schools Arranged by Geographical Regions 
Median Values of Maximum, Average, and Minimum Salaries 


Reftion 

No. of 
Institutions 

1 Medians of Maxima 

Medians of Averages 

Medians of Minima 

Dept. 

Head 

Prof. 

Assoc. 

Prof. 

Ass’t. 

Prof. 

Instr. 

Dept. 

Head 

Prof. 


Ass’t. 

Prof. 

Instr. 

Dept. 

Head 

Prof. 

Assoc. 

Prof. 

Ass’t. 

Prof. 

Instr. 

I 

15 

6100 

5500 

4500 

3900 

3000 

5000 

4800 

4100 

3600 

2600 

4500 

4300 

3600 

3200 

2300 

11 

29 

7000 

6900 

5000 

4200 

3200 

6000 

5500 

4500 

3700 

2800 

5400 

4600 

4100 

3200 

2400 

III 

24 

7000 

6700 

4700 

3900 

3100 

6000 

5300 

4000 

3400 

2600 

5000 

4200 

3500 

2900 

2300 

IV 

21 

5200 

4800 

4000 

3400 

2800 

5100 

4400 

3600 

3200 

2400 

4600 

4000 

3300 

3000 

2100 

V 

16 

5300 

4800 

4100 

3500 

2800 

4800 

1 4300 

3800 

3200 

2S00 

4500 

3600 

3400 

2800 

2000 

VI 

16 

5200 

5000 

4200 

3S00 

' 2800 

5000 

! 4400 

4000 

3300 

2(t00 

4500 

4300 

3600 

3000 

2400 

VII 

12 

5200 

5000 

3800 

3500 

3(m 

5000 

4400 

3600 

3300 

2700 

4800 

4000 

3400 

3000 

2400 

VIII 

10 

6(XX) 

5f>00 

4100 

3400 

2800 

1 

5500 

4500 

i 

3800 

3100 

2500 

4800 

4500 

3700 

2800 

2200 


CHART 10. ANNUAL SALARIES OF FACULTY MEMBERS 

DEPARTMENT HEADS 


Engineering Schools Arranged by Types of Institutions 


Median Values of Maximum, Average, and Minimum l946'47Salaries 
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for which pay may come during the 
academic year. Since most faculty 
members will be participating in one of 
these or teaching in perhaps 50 per cent 
of the summers and receiving additional 
salary for that, the salaries as stated in 
both the 1939 and the 1947 reports are 
a few hundred dollars less than the total 
earned income on the average for all 
four ranks of engineering faculties. 
However, the figures in the two re- 
ports are comparable since they are re- 
corded on substantially the same basis. 

The average percentage increases in 
the medians of average salaries between 
those paid during the middle 1930’s 
(which is the period for the 1939 re- 
port) and those for 1946-47 are ap- 
proximately as follows: Professors 20 
per cent. Associate Professors 30 per 
cent, Assistant Professors 32 per cent, 
Instructors 36 per cent. Since these 
percentage changes and those discussed 
later in this section are computed from 
increases of median salaries, they are 
not likely to fit exactly the conditions 
at a particular engineering school. 
However the methods of computing the 
salary figures were similar for the 1939 


and 1947 data. Therefore the com- 
puted percentage changes of median 
salaries are reasonably close approxima- 
tions when considering all engineering 
schools, and are valid for showing the 
trend. At first glance, these propor- 
tions of increase seem rather satisfac- 
tory except for the fact that the range 
between Professor and Instructor is 
being decreased, which has the dis- 
advantage pointed out earlier. How- 
ever, a closer scrutiny shows that the 
percentage increase in the cost of living 
from the academic year 1935-36 to the 
academic year 1946-47 as determined 
from the indices in the Survey of Cur- 
rent Business, Bureau of Labor Sta- 
tistics, is about 55 per cent, which is 
much larger than the percentage aver- 
age salary increase in any rank. 

These cost of living indices are based 
upon the annual budget and cost of 
living of the better class skilled work- 
men, whose annual incomes, generally 
speaking, are commensurate with the 
lower academic salaries from Instructor 
through the average of Assistant Pro- 
fessors. It must be remembered that 
the outgo budget of a professional man. 


TABLE 2 

Annual Sai-aries of Faculty Members 
Engineering Schools Arranged by Types of Institutions 
Median Values of Maximum, Average, and Minimum Salaries 


No. of 
Institutions 

Medians of Maxima 

Medians of Averages 

Medians of Minima 

Dept. 

Head 

Prof. 

li 

Assist. 

Prof. 

Instr. 

Dept. 

Head 

Prof. 

Assoc. 

Prof. 

Assist. 

Prof. 

Instr. 

DX 

Prof. 

is 

<0, 

I'S 

<0. 

Instr. 

26 


lB3 

4500 


3000 

5400 




2600 


4600 




45 

5700 

5300 

4100 

3600 

IBx!] 

5200 

4800 

3800 


2600 


fffBl 

3500 


2300 

6 

6400 

5600 

4100 

3600 

IjijjM] 

5600 

4500 

1^^ 

3300 

2700 


4000 

3800 


2500 

16 

7500 


5000 

4200 

3200 

7400 

6300 


3400 

2600 


4500 



2300 

12 

5100 

4500 


3300 


4700 

4300 


3200 

2200 



3400 


1800 

19 

5800 

5200 

4000 

3800 

3000 

5200 

4400 


3200 

2600 

4800 

3900 

3400 


2300 

15 

5100 

4900 

Bx!] 

3500 

2900 

4800 

4400 

3800 

3200 

2500 

PffB] 


3600 

3000 


4 

4900 

4500 3600 

3300 


4900 

4200 

3500 

3100 

2500 

4900 

3600 

3500 

2800 

2300 


Typea of 
Institutions 


Endowed 
Univeraities 
State Universities 
Municipal 
Univeraltiea 
Endowed Polytech- 
nic Institutes 
State Polytechnic 
Institutes 
State Colleges of 
Agrl. and Bng'g. 
Endowed Colleges 
Military Colleges 



















54 


PRESENT-DAY SALARIES IN ENGINEERING SCHOOLS 


CHART II. ANNUAL SALARIES OF FACULTY MEMBERS 
SAURIES IN TEN HIGHEST PAYING ENGINEERING SCHOOL^ 
Median Volues Of Maximum, Averoge, and Minimum 1946*47 Salaries 
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especially a teacher, should include ex- 
penses that a skilled workman has no 
reason to undertake (personal profes- 
sional library, membership in profes- 
sional societies and regular attendance 
at their meetings, etc.). These ex- 
penses cause the living cost increase to 
produce an additional impact on faculty 
members, especially Instructors and 
Assistant Professors with their smaller 
margins. Thus the indices provide a 
basis for determining the impact of the 
change in the cost of living on the two 
lower academic ranks, and a fairly rea- 


sonable basis for the two upper tanks 
as well. 

Considering the medians of the mini- 
mum salaries paid, the percentage in- 
creases between 1935-36 and 1946-47 
are approximately as follows: Profes- 
sors 25 per cent, Associate Professors, 
31 per cent, Assistant Professors, 36 
per cent, and Instructors 52 per cent. 
The major portion of the salaries of the 
younger men on engineering faculties, 
especially Instructors, must be devoted 
to the necessities of life (shelter, food, 
clothing, medical and hospital expenses, 
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etc.) and these men have little leeway 
to meet increasing costs of living. Thus 
the engineering schools have done well 
to provide sizeable percentage increases, 
particularly for those receiving mini- 
mum salaries. However, a comparison 
with the percentage change in cost of 
living shows that the faculty salaries 
have lost ground in spite of the salary 
increases, and therefore faculty mem- 
bers are suffering financially, possibly 
even more greatly than prior to 1940 
on the then lower salaries. This may 
be the cause of the difficulty in certain 
institutions that now are almost forced 
to appoint an untried man as an as- 
sistant professor, rather than as an 
instructor who normally is expected to 
receive more supervision th'in an as- 
sistant professor. 

In any activity, whether education, 
industry, business, government, or 
sports, it is desirable to establish ‘‘par 
for the course.” With this thought in 
mind, the ten institutions were selected 
which pay the highest average salaries 
of Professors. Chart 11 shows the me- 
dians of maximum, average, and mini- 
mum salaries for Department Heads 
and the four academic ranks at those 
institutions. It will be noticed that the 
median of the maximum salaries for the 
professorial group is greater than for 
the Department Heads. This is be- 
cause three of the ten highest paying 
institutions do not have the permanent 
rank of Department Head ; the members 
of the department staff rotate in the 
responsibilities of chairman of the de- 
partment without increase in salary. 
From this chart the medians of average 
salaries of the ten highest paying engi- 
neering schools are as follows : Profes- 
sors $8,000; Associate Professors $5,- 
400, Assistant Professors $4,200, In- 
^structors $2,900. 

These values can be serviceable to 


the engineering schools when consid- 
ered as “par.” It appears desirable for 
an individual engineering school to 
compare the average and minimum 
salaries at its institution which are paid 
to each of the four academic ranks with 
the corresponding values shown on 
Chart 11 — making the comparison both 
with weight given to the specific living 
conditions at the location of the institu- 
tion and also without such considera- 
tion. This should produce salary fig- 
ures which would be to the best interest 
of the particular engineering school to 
achieve. If the average salaries at 
every engineering school approached 
the values in Chart 11 of medians of 
average salaries, a much larger propor- 
tion of the young engineering graduates 
would be attracted by the possibilities 
of the teaching profession. Moreover, 
there arc many men in business and 
industry with fine qualifications for fac- 
ulty positions (but with obligations 
pressing them toward the higher paid 
industrial or business employment) 
who would be in teaching positions be- 
cause of tastes leading them in that 
direction if the educational salaries were 
more generally desirable. 

Comments 

The loss in relative level with re- 
spect to industrial and business sal- 
aries is not limited to engineering 
school salaries. Professor Sumner H. 
Slichter of Harvard University found 
from a study of the returns from 88 
colleges and universities that the aca- 
demic salaries, including all depart- 
ments and schools, are on the average 
lagging even more seriously than those 
of the engineering faculties. This in- 
formation is incorporated in his article 
entitled “What Has Happened to Pro- 
fessors’ Salaries Since 1940” in the 
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Winter 1946 issue of the Bulletin of 
the American Association of Univer- 
sity Professors, page 718. Professor 
Slichter found that, “The sort of two- 
way coininunication and carefully or- 
ganized consultation which one now 
expects in all progressive and well- 
administered organizations rarely ex- 
ists in the administration of the budg- 
ets of colleges and universities.” lie 
recommended the establishment of a 
special faculty committee on the budget, 
which committee would not have final 
determination of faculty salaries but 
would review the budget and offer 
criticisms and suggestions, thereby 
bringing to bear upon the proposed 
budget the experience and judgment 
of the faculty in a purely advisory man- 
ner. He further recommended the 
adoption of definite program and time 
schedules for the restoration of salary 
scales of pre-war purchasing power. 

Professor Slichter found that facul- 
ties now are called uj)on to partieij^ate 
more generally in the formation of edu- 
cational policies than in budgetary mat- 
ters. It should be borne in mind that 
the development of educational poli- 
cies and a knowledge of financial poli- 
cies are complementary because the 
latter supports the execution of the 
former. 

It is evident that desirable increases 
in salary have been brought to pass 
since the middle 1930’s. However, it 
is equally as evident that increases in 


salaries in general ^re entirely inade-r 
quate to compensate for the increase 
in cost of living that has occurred since 
1940. Although a detailed study of 
industrial salaries has not been made, 
general information available of sal- 
aries paid to engineers by various in- 
dustrial companies makes it apparent 
that engineering school salaries still 
fall too far below those of engineers 
in industry who have equivalent capac- 
ity and exercise responsibilities com- 
mensurate in importance. 

We must remember that, for the 
best interest of engineering education 
and therefore for the best interest of 
the entire engineering ])rofcssion and 
the nation, it is important that engi- 
neering school salaries and opportuni- 
ties shall be such that they will attract 
the young men with the most creative 
minds in research and teaching — which 
minds are backed up with enthusiasm 
and industry. I'herefore it becomes 
of the utmost importance that general 
advances of salary scales be made, es- 
pecially in certain regions and certain 
types of institutions. In making such 
advances, except in those institutions 
which have maximum salaries for Pro- 
fessors of $10,000 or more per aca- 
demic year, serious attention should be 
given to the wisdom of increasing the 
range between the median of average 
salaries of Instructors and of Pro- 
fessors. 



On the Status of Engineering Research 
in Electronics* 

By fJARRY DIAMOND 

Chief, Ordnance Dc2'clopincnf Division, National Bureau of Standards 


I consider electronics as a science, 
an art, and an industry. The first 
phase, science, supplies the basic 
knowledge upon which electronics is 
founded. The second phase is the art 
of engineering research necessary to 
transform the fundamental knowledge 
of pure science into practical design 
factors and instrumentations useful to 
technology. The third phase is that of 
applied technology directed to satisfy- 
ing the material needs of mankind. As 
of principal interest to this audience, 
I shall discuss primarily the present 
status of the second phase, engineer- 
ing research, and shall attempt to il- 
lustrate fruitful directions for further 
work in this phase of electronics. 
However, it is not possible to present 
a clear picture of the state of alTairs in 
electronic research without touching 
upon the other two phases. The in- 
tervention of the war has operated to 
throw out of balance the inter-relation- 
ship normally developed between pure 
science, research, and commercial ap- 
plication. 

The problems currently facing elec- 
tronics engineers may be stated as 
follows : 

* Presented at the Southeastern Section 
A.S.E.E., Louisville, Kentucky, April 17, 
1947. 


We of the electronics engineering 
art emerged from the war extreme 
optimists. Electronics had done such 
a marvelous job in the war that we 
felt it had reached a state of advanced 
perfection and saw unlimited oppor- 
tunities for its application to peace- 
time uses. However, upon considera- 
tion of our peacetime problems, w^e 
began to note a variety of disturbing 
factors which ]>reviously had escaped 
our attention. Statements by eminent 
scientists began to appear deploring 
the lack of progress in pure science 
during the war and the dearth of 
trained scientific personnel. We noted 
further that the normal needs of our 
economy had been maintained in a 
state of suspended animation pending 
the successful conclusion of the war. 
Meanwhile, the attention of the end 
users of the products of scientific 
achievement had been focused on the 
great accomplishments of science. The 
nation now awaited the peacetime 
equivalents of^the spectacular wartime 
scientific applications. The over- 
whelming scope for the application of 
new methods, new materials, new 
tools, and above all new ideas to the 
fulfillment of existing needs was ad- 
mittedly inspiring; however, we knew 
that for a variety of reasons the public 
could not obtain at once, nor could be 
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promised for the near future, the tech- 
nological marvels it had come to ex- 
pect. Finally, the unexpected need for 
perfecting our national defense at the 
same time that we drove toward our 
potential peacetime stride added still 
further immensity to the job expected 
of us. It was upon realization of the 
position into which the pressure of 
the times had forced us that we elec- 
tronic engineers first had our rude 
awakening from the optimism into 
which we had drifted. 

An accurate appraisal of our posi- 
tion requires examination, first, of the 
problems beyond the control of the 
research engineer. These are the over- 
sold public, the lack of trained per- 
sonnel, and the retarded rate of prog- 
ress of pure science. Once we have 
considered these problems, it will be 
possible to proceed to a detailed analy- 
sis of the state of affairs in engineer- 
ing research. This is the most optimis- 
tic phase of the picture in electronics, 
although even this phase is spotty in 
some branches. From the detailed 
analysis, I shall attempt to show that: 

(1) The emphasis in engineering 
research during the war has in 
considerable measure advanced 
our knowledge of materials, de- 
sign techniques, and instrumen- 
tation, required in applying 
scientific principles to practical 
end uses; 

(2) For the immediate future at 
least, there appears to be no 
discernible dearth of funda- 
mental principles on which to 
base engineering research; 

(3) There is much need for ac- 
celerated research to assist in 
meeting the demands of society ; 
however, by redoubling our ef- 
forts we are in position to meet 


most of the reasonable de- 
mands; and, 

(4) For the long-pull, we must rely 
on the pure scientist to^ widen 
the gap between fundamental 
knowledge and engineering ap- 
plication and, perhaps, we must 
even find ways of helping him 
do so. 

I. Consideration of Problems be- 
yond THE Control of the 
Engineer 

Let us dispose briefly of the prob- 
lem of dissolving, in some measure, 
the degree of public expectancy of 
miracle electronic products. A thrill- 
ing prospectus has been built up in the 
public mind, without differentiation 
between currently jeasible and coming 
embodiments of useful devices. The 
exponents of the electronic age, no less 
than the exponents of the push-button 
war, have done considerable mortgag- 
ing of the future. The immediate dan- 
ger is that there may arise an after- 
math of disillusionment which will 
build up considerable sales resistance 
on the part of the ultimate user. 
Somehow, the public must be made 
aware of the actual state of affairs. It 
is exceedingly important that an exact 
picture of the true status of electronics, 
neither overly optimistic nor overly 
pessimistic, be presented to the public. 
An encouraging phase of this problem 
is that the public relations men in in- 
dustry have become keenly aware of it. 
Prior to reconversion, it was deemed 
good advertising to focus the public's 
attention on promised products ; it 
has now become advantageous to sell 
the items that are coming off the pro- 
duction line. The latter approach, 
coupled with the few really new prod- 
ucts which are beginning to appear, 
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should provide an effective stop-gap 
* during which the engineer may con- 
centrate on the perfection of the prom- 
ised new devices. 

Next, let us consider the current 
lack of sufficient numbers of adequately 
trained personnel to handle the mul- 
.titudinoiis research programs in hand. 
This is by far the most difficult prob- 
lem. The principal single factor re- 
tarding many a program today is the 
inability to acquire high-caliber tech- 
nical personnel. The training of such 
men is a matter of years of prepara- 
^ tion and cannot be extemporized. The 
war was allowed to interfere seriously 
with advanced training in the basic 
sciences and, now, time alone can cure 
the situation. I am aware of the 
strenuous effort currently being ex- 
erted by the colleges and universities 
represented at this session towards 
meeting this problem. 

^ Finally, let us consider the status of 
pure science upon which we must 
eventually stake our future. We must, 
albeit reluctantly, take the word of 
eminent scientists that the problem 
here is serious. Quoting from an arti- 
cle by I. I. Rabi ^ on A Physicist Re- 
turns from the War, we have the fol- 
lowing excerpts; 

, the very success of his efforts in 

Uhis war, the physicist has been placed in 
an embarrassing position. 

“Industry, with considerable success, is 
trying to lure him from his academic 
hide-out with glittering pieces of silver 
and with the promise of unlimited scien- 
tific equipment 

“Our rejuvenated military forces are 
building giant laboratories (any one of 
which can use up all of our currently 
available and really trained physicists). 

“The universities hope the physicist 
will return to satisfy the needs of stu- 
dents. 

The Atlantic Monthly, October 1945. 


“The embarrassment of the physicists 
stems . . . from their realization . . . that 
in the past five years, apart from the de- 
velopment of certain techniques which 
may be useful in later research, the prog- 
ress of the science of physics has been less 
than moderate. 

“With atomic bombs and radar in mind, 
the skeptics may well ask what the phy- 
sicist thinks he has been doing these past 
five years, if not physics. 

“To answer them the physicist must 
attempt to explain the two aspects of his 
science. There is, first, the creative in- 
tellectual activity which constantly pushes 
back the boundaries of our understanding 
of natural phenomena; second, the in- 
dustrial activity which apjilies the results 
of scientific knowledge and understanding 
to satisfy material human needs and 
whimsies. The first is the science of 
physics proper, and the second is the side 
of physics which has been called the in- 
heritance of technology. If the science of 
physics lags, the inheritance of technology 
is soon spent. In the war years, the in- 
heritance of technology has been ex- 
ploited to the point where further sub- 
stantial progress can come only from an 
advance in the science of physics 

A corroborative view is that of Ray- 
mond B. Fosdick, President of the 
Rockefeller Foundation, expressed in 
a newspaper editorial - digesting a por- 
tion of his Annual Review. Although 
the field of science discussed is Medi- 
cine, the remarks are clearly applicable 
to other branches of science. I quote : 

“Nothing that war touches escapes 
blight. There is a popular belief that 
science made rapid progress between 
1939 and 194S; but this belief has little 
basis for support. It is now generally 
recognized that the feverish activity of 
scientists in wartime is essentially not 
scientific. They are primarily engaged 
in the application of existing knowledge 
to certain specific and narrow problems. 

2 The Washington Post, March 22, 1947. 



6o 


ST \TUS OF ENGINEERING RESEARCH IN ELECTRONICS 


Tlioy liave no time for pure research and 
their contributions to basic knowledge are 
infrequent and on the whole unimportant. 
They arc drawing on the reserve of the 
past. They are using up the supply of 
basic discoveries which an earlier genera- 
tion has given them. They are digging 
recklessly into the stockpile of existing 
knowledge. The gap between knowledge 
and use in science is always narrow ; the 
effect of war is to close the gap almost to 
the vanishing point. . . 

It is difficult to express correctly a 
man’s philosophy by brief excerpts 
from a single statement. And yet Dr. 
Fo.sclick and Dr. Rabi, in two separate 
fields of science, say that technology, 
rather than basic knowledge, was ad- 
vanced during the war. Both agree 
that engineering application has caught 
up with pure science. Both see the 
need for further advances in basic 
science for future needs of mankind. 
For myself, I am inclined to question 
somewhat timidly the scientist’s pes- 
simism on the state of his science. 
Perhaps I entertain the hope that the 
situation has improved in the eighteen 
months since Dr. Rabi’s article ap- 
peared. Perhaps it is because I am so 
much impressed with the diversified 
instrumental tools which electronics is 
providing in aid to pure science. The 
emphasis has heretofore been, with 
complete justice, on how technology 
leans on scientific advances. The 
other side of the story, wherein tcch- 
nology contributes to the pure sciences, 
has in my estimation not been suf- 
ficiently pictured. Experimental tech- 
nique would appear to me to comprise 
a major factor in modern fundamental 
research. Investigators in experi- 
mental physics, seeking to further the 
knowledge of the nucleus, the atom 
and the molecule, appear to me to 
spend much of their time in develop- 


ing the instruments with which to carry 
on their investigations. I will show 
in my survey of electronics research 
and development that there ^ was ma- 
terial advancement in basic instrumen- 
tation during the war, and even in 
methods of computation. I believe 
that these achievements will reflect as 
material gains to the advancement of 
pure science. 

II. State of Affairs in Electronics 
Research 

The remainder of my discussion will 
be directed to an examination of the 
principal branches of the electronics 
art, with a view : ( 1 ) of disclosing the 
current state of affairs in engineering 
research in each branch; and (2), of 
indicating areas in which intensified 
research appears to be needed. 

I find that I must digress briefly, 
however, in order to define what I 
mean by engineering research and de- 
velopment and, in that process, to at- 
tempt to define science, also. Cer- 
tainly, if science and engineering are 
to be mutually exclusive, we as engi- 
neers cannot accept Dr. Rabi’s pos- 
sessive reference to the second side 
of physics which you will recall he 
labelled the industrial side or the in- 
heritance of technology. Such refer- 
ence disinherits our profession of what 
to me represents its most alluring 
phase, namely, engineering research 
and development. I consulted the 
Merriam-Webster dictionary, frankly, 
with the view of refuting this coup 
d’etat on the part of the physicist. 
The definitions I liked best follows: 

Science — a branch of study which i.s 
concerned with observation and 
classification of facts, especially ^ 
with the establishment (and, 
strictly, the quantitative formula- 
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tion) of verifiable general laws, 
chiefly by induction and hypothe- 
sis. 

Physics — tlie science which deals 
with those phenomena of inani- 
mate matter involving no changes 
in chemical composition, or, more 
specifically, with the most general 
and fundamental of such phe- 
nomena, namely, motion; i.c., the 
science of matter and motion. 
Physio usually held to com- 
prise the clcKsely related sciences 
of mechanics, heat, electricity, 
light, and sound, and the branches 
of sciences devoted to the study of 
radiations, a i.I of atomic struc- 
ture. 

Engineering — in its modern and ex- 
tended sense, the art and science 
by which the properties of matter 
and the sources of power in na- 
ture arc made useful to man in 
structures, machines and manu- 
factured products. 

Fortified by these definitions, I feel 
free to proceed to offer my views as 
those of an engineer practicing engi- 
neering research in electronics. 

The truth of the matter is that it is 
well-nigh impossible to distinguish be- 
tween applied physics and engineering 
research. Activities in electronics 
during the war present a striking ex- 
ample. As you know, developments 
in electronic ordnance proved quite 
spectacular. The proximity fuze and 
the guided missile arc specific exam- 
ples. The nature of the technical dif- 
ficulties encountered and of the techni- 
cal skills required of the workers in 
this field was not unlike that for radar. 
An analysis reveals that 'the structure 
of representative groups in these two 
fields was also not dissimilar. Of the 
‘^48 senior members of the Ordnance 
Development Division of the National 


Bureau of Standards, 29 are classified 
as physicists and 16 as engineers. As 
of August 1945, the Coordinating 
Committee of the M.I.T. Radiation 
Laboratory comprised 66 members, 
of whom 45 could be identified as 
physicists and 15 as engineers. We 
at N.B.S. are inclined to classify our 
work as primarily engineering re- 
search, whereas I am quite sure that 
the physicists in charge at M.I.T. con- 
sidered that they were working in ap- 
plied physics. Perhaps a compromise 
term, such as engineering physics, 
might be applicable. 

-/. ./ Survey of Electronics 

It appears appropriate at this point, 
also, to introduce a definition of the 
term electronics. I shall quote briefly 
from a recent address of E. U. Condon, 
Director of the National Bureau of 
Standards.^ 

“Electronics has not been given, as far 
as I know, an officially agreed-upon defi- 
nition. Generally speaking, ... it is the 
science, art, and industry concerned with 
electrical phenomena involving electri- 
cally charged atomic particles, outside of 
.solid and liquid bodies. With this under- 
standing, we have a fairly clear separa- 
tion of the field from the classical 
branches of electrical engineering and at 
the same time a definition that is broad 
enough not to restrict us to those par- 
ticular phenomena in which only electrons 
arc involved. 

“Electronics is riius a very broad sub- 
ject. It embraces all phenomena con- 
nected with the passage of electric cur- 
rents through gases and high vacua. 
Such phenomena are utilized for a wide 
variety of purposes: the generation of 
high frequency electric power, its ampli- 
fication, the control and rectification of 
electric power at all frequencies, produc- 
tion of electric current from light sources, 

3 Electrical Engineering, April, 1947. 
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and production of light from electric cur- 
rents (including X-rays and gamma rays 
as special forms of light). Phenomena 
associated with the propagation of radio 
waves in the ionosphere arc of course 
also included, as is the study of cosmic 
radiations from interstellar space, and 
special means for jDrodiicing beams of 
atomic particles of high energy for the 
study of nuclear physics.” 

Based on Dr. Condon’s summary 
definition and partly on the body of his 
address, I present herewith a partial 
list of branches of electronics of in- 
terest to the engineer: 

( 1 ) Radio communication and broad- 
casting, including television and 
facsimile. 

(2) Electronic ordnance, including 
radar fire-control, electronic con- 
trols for guided missiles, prox- 
imity fuze, and electronic controls 
for underwater tor])edocs. 

(3) Radio navigational aids, includ- 
ing radar, loran, and otlicr sea 
and air navigational aids. 

(4) Ellcctronic power conversion, in- 
cluding dielectric and inductive 
heating. 

(5) Electronic instrumentation and 
controls, including special instru- 
ments for physical, chemical, medi- 
cal and biological research and 
practice, and the general concept 
of the servo-mechanism 

(6) Electronic devices for mathe- 
matical computation. 

Basic to all of these branches are 
the electron tube and the electronic 
circuit. The diversification of form, 
function, and complexity of each is 
well-known. Each presents a fruit- 
ful field for research basic to the en- 
tire art. Knowledge of the properties 
and design of electron tubes and elec- 
tronic circuits was materially increased 


as a result of the major application of 
electronics to war purposes. It is only 
necessary to mention the rugged sub- 
miniature proximity-fuze ^ube, the 
magnetron, the klystron, the traveling- 
wave amplifier tube, the image-orthi- 
con, the “memory” selectron, and the 
hydrogen-thyratron, to call to mind 
the degree of recent effort in the elec- 
tron tube art. 

Similarly, the printed circuit, the 
microwave plumbing, the resonant 
cavity, the dielectric-heater electrode, 
new pulsing techniques, and various 
forms of new antenna, illustrate some 
of the activities in electronic circuits. 
Associated witli tubes and circuits may 
be found practically every C()m])()neiit 
and instrument familiar to physics, 
chemistry and engineering. Despite 
the wartime accomplishments, inten- 
sive research effort is now in progress, 
and will be required for many years 
to come, towards furthering the know- 
ledge of fundamental plienomena in 
these fields. 

For example, in electron tubes the ox- 
ide coated cathode is used extensively, 
yet very little is understood about the 
mechanism of electron emission from 
oxide-coated surfaces. Although in- 
creased understanding of the phe- 
nomena is of basic importance gen- 
erally, it is particularly urgent in the 
case of pulsed, high power tubes. It 
is encouraging to report that research 
projects on thermionic emission from 
coated surfaces are under way in sev- 
eral institutions, but in this field there 
is little doubt that applied research is 
treading close on the heels of funda- 
mental science. 

Also, within the electron tube, it 
must be admitted that the nature of 
secondary emission, both from metallic 
and dielectric surfaces, and the nature 
of ion formation are subjects about 



STATUS OF ENGINEERING RESEARCH IN ELECTRONICS 63 


which we really know very little. Al- 
though much applied research, involv- 
ing mainly circuitry, can be done with 
tubes we now have, further advances 
in the tube art arc greatly dependent 
on continued discovery about emission 
and ion formation. 

/). Radio Comnninicalion and Broad- 
casting 

During the war, great advances were 
made in the knowledge of the factors 
affecting tlie propagation of radio 
waves throughout much of the radio- 
frequency spectrum. Tlie influence of 
tlic ionosphere and of the troposphere 
under varying meteorological condi- 
tions is now much better undertjtood. 
The importance of such increased 
know^ledge in the pliysics of radio 
])ropagation can hardly be overesti- 
mated. It is now possible to ])re])arc 
])redictions of conditions ailecting 
radio propagation sufFiciently well in 
advance and of an order of accuracy 
such as to be extremely useful to the 
radio communication and long dis- 
tance aerial and sea navigation serv- 
ices. There is ample room for more 
basic research, but certaml\ the war 
caused no halt in this field of study. 

Radio communication and broad- 
casting cannot escape benefit from the 
increased knowledge of radio propaga- 
tion and from the advances in tube, 
antenna, and circuit theory and tech- 
nology resulting from the major ap- 
plication of electronics to war pur- 
poses. It might be said that the 
application of television, frequency- 
modulation and the like to the enter- 
tainment services was held up, but there 
appears to be no technical reason why 
these services should not attain major 
proportions very promptly. For ex- 
-- ample, now that the Federal Com- 
munications Commission has ruled 


that more research is needed on color 
television, the industry is turning to 
development of nation-wide black-and- 
white service. Concurrently, basic re- 
search on electronic methods of color 
television should proceed. 

I shall not attempt to detail pos- 
sible avenues for research in this oldest 
field of electronics. 

C\ Electronic Ordnance 

The branch of electronics called elec- 
tronic ordnance is primarily a product 
of World War II. It has a short but 
brilliant past and a great future, but 
presents many technical challenges. 
Naturally, I cannot discuss these in 
detail because of the necessary military 
security restrictions imposed. How- 
ever, merely a list of some of the appli- 
cations, such as radar fire-control, elec- 
tronic controls for guided missiles and 
underwater torpedoes, the proximity 
fuze, and electronic bomb and rocket 
directors, provide an indication of the 
scope of activities in this field. A fur- 
ther indication is that officers of the 
Army and Navy ordnance development 
agencies now sit on technical commit- 
tees discussing electronic tube and 
component developments. Research in 
this field cuts across the electronics art 
and, at the same time, is intimately as- 
sociated with several other arts. In 
certain applications, such as the prox- 
imity fuze, the development of proc- 
esses, instrumentation and techniques 
for furthering mass production is 
nearly as important as the develop- 
ment of the devices themselves, since 
during the latter months of the war 
some 25 per cent of the capacity of the 
electronic industry was devoted to the 
manufacture of this device. 

The retreat of technical men from 
this branch of electronics, as from 
other military research activities; is a 
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source of much concern to those re- 
sponsible for our national defense. 
The technical challenges are such as to 
require personnel of highest caliber 
and training. The results of research 
in this held will undoubtedly prove of 
value to other branches of electronics, 
such as radionavigational aids. 

D. Radio Navigational Aids 

The public could be entertained by 
wired programs if radio channels did 
not exist. But an airplane, particularly 
during adverse wxathcr conditions, 
must rely very largely on radio aids. 
This then is a true example of the ap- 
plication of science to extend man’s 
power to see, hear or do beyond his 
own unaided capabilities. 

It is a curious paradox that many 
such applications are based on too 
literal an interpretation of this aim and 
thus require the use of man himself in 
their ultimate utilization. This ele- 
ment was a necessary characteristic 
of many of the wartime radio and 
radar developments and its effect must 
be carefully considered when evaluat- 
ing them for use as peacetime air 
navigational aids. The human factor 
in radar search, in voice communi- 
cation, in underwater detection and 
in loran navigation was an impor- 
tant one. Upon the power of the 
eyes or ears to make a fine dis- 
crimination often depended the out- 
come of a battle. Psycho-physicists 
were busily devising means for in- 
creasing the sensory margin of the 
operator in order to get the most out 
of the man-machine combination. This 
was highly commendable under the 
circumstances and may similarly be 
useful in application to industrial 
practices. 

It should be clearly evident, how- 
ever, that radio aids to air navigation 


must place as little reliance on sensory 
margin as is humanly possible to 
achieve. The conditions of safety and 
reliability are so stringent Jhat an ac- 
cident rate during 1946 of 1.2 pas- 
senger fatalities per 100-million pas- 
senger miles in domestic air operation 
could be sufficiently over-shadowed by 
a few foreign accidents as to cause a 
Senate investigation. Although the 
record cited for domestic operations 
for 1946 is impressive, the actual situa- 
tion leaves much to be desired when 
one considers the air congestion at 
and around airline terminals under 
adverse weather conditions; and this 
with only 650 airplanes in scheduled 
operation. The future of air transpor- 
tation calls for much better scheduling 
of a much greater air fleet with at 
least an equal record of safety. Viewed 
in this light, the requirements imposed 
on a basic system of radio aids are 
tremendous. 

Ultimately, it appears necessary to 
bypass the human navigator alto- 
gether, and to apply the navigational 
intelligence directly to the controls of 
the aircraft. In considering the divi- 
sion of responsibility between ground 
controllers and crews of aircraft, it 
will be seen that the ground controllers 
should establish the flight plan wdiich 
is to be followed, and that the air crew 
should be given sufficient information 
to carry out that plan with minimum 
reference to the ground controllers. 
In a completely automatic system, the 
air crew should have means for cor- 
recting the flight of the craft if it does 
not adhere to the desired plan, or for 
deviating from the plan in case of 
emergency. The ground controllers 
should have continuous automatic 
monitoring of the po.sition of each 
craft in flight and of the degree of its 
adherence to the prescribed plan. 



STATUS OF ENGINEERING RESEARCH IN ELECTRONICS 65 


Automatic ground computers and as- 
sociated automatic pictorial display of 
the monitored data will undoubtedly 
be required to provide for efficient 
traffic control. Rapid communication 
between the air crews and the ground 
controllers wdll obviously also be es- 
sential. 

Today no basic system exists 
which can conceivably do a 100 per 
cent job of this sort. This is clearly 
recognized by the aviation industry 
and by the resj^onsible governmental 
agencies of the world. It is to the 
credit of all these, however, that really 
constructive measures have already 
been taken, on an international basis, 
to assess the systems now available, to 
standardize those fitting into an ulti- 
mate plan, to promote the development 
of other systems applicable to this plan, 
and, finally, to define the functional 
rt.([uirements for the elements of such 
an overall plan. Nevertheless, we 
have a slate of alTairs where extra- 
ordinary needs exist for radio aids 
which are, however, not available in 
their preferred forms. An intense ef- 
fort of research and development is 
accordingly indicated, if the important 
air transport industry it to attain its 
potential proportions. 

In the few minutes that I can de- 
vote to this subject, I shall attempt to 
accomplish the following objectives: 

(1) To review briefly the present 
state of development of radio aids 
to aviation ; 

(2) To assess the influence of war- 
time experience upon them; and 

(3) To indicate the areas wherein 
research development work is 
vital. (I have already discussed 
the aims to which such work 
should be directed.) 


A digest of the conclusions and recom- 
mendations of the international body 
(Provisional International Civil Avia- 
tion Organization) which met in Mon- 
treal in December 1946 to consider this 
problem will serve very closely for my 
presentation. 

The ultimate goal adopted -was to 
provide a unified system of radio aids 
comprising communication, navigation, 
trafjic-control and collision-warning 
services suitable for use under all fly- 
ing conditions and in all parts of the 
world. Functional requirements were 
set up for the basic elements of this 
ultimate system but, recognizing the 
long range aspects of fulfilling such 
requirements, a set of immediate ob- 
jectives was adopted for interim ap- 
plication. 

The basic functional requirements 
were directed to the continuous safe 
and efficient movement of air traffic, 
founded on effective navigational aids 
along all portions of the route to be 
flown, including take-off and landing. 
Emphasis was placed on an integrated 
system with automatic features wher- 
ever possible, but with considerable 
freedom for deviation from the pre- 
scribed plan, when essential, on the 
part both of the air crew and of the 
ground controllers. Visual display of 
information to the air crew was also 
emphasized. Even in communication, 
it was recommended that long instruc- 
tions be recorded either by facsimile, 
by teletype, or by indicator signalling. 
Radar was found to have its principal 

^ Final Report from the Chairman, C. O. T. 
Divibion (Radio Technical Division) to the 
Chairman, Air Navigation Committee, Pro- 
visional International Civil Aviation Or- 
ganization Doc. 2553 C. O. T./28, dated Nov. 
29, 1946, presented to the Council of P. I. 
C. A. O., for consideration at the Dec. 1946 
Meeting in Montreal, Canada. 
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field of application in traffic control 
and collision prevention aids, al- 
though having auxiliary functions in 
short distance radio aids and in land- 
ing aids. Because of the increasing 
range of operation and speed of air- 
craft, short-range aids as well as land- 
ing aids were conceived to be increas- 
ingly associated with the traffic con- 
trol system. Accordingly, automatic 
features were particularly stressed for 
these aids. Major facts to be high- 
lighted are: 

(1) that the systems found most 
applicable for the short-distance 
and landing aids were developed 
well before the war; 

(2) that, in the primary fields of 
application of radar, considerable 
development will be required be- 
fore the inherent functional re- 
quirements can be met practicably ; 
and 

(3) that for long-distance naviga- 
tional aids, I.F loran, developed 
during the war, is undoubtedly 
the best available although not 
readily adaptable to automatic 
navigation. 

For interim application it was found 
possible to define certain immediate 
objectives which may be fulfilled by 
currently available systems. The more 
important definitive recommendations 
were: 

(1) The ILS system of landing 
aids was standardized and recom- 
mended for installation at all air- 
ports used by international air- 
lines at the earliest possible date 
and in any event not later than 
January 1, 1951. Such installa- 
tions were defined to include a 
VHF runway localizer, a VHF 
guide path transmitter and three 


VHF markers. Provisions were 
made for substitution of a phase 
comparison localizer for the equi- 
signal type any time aftef January 
1, 1951, and for the use of medium 
frequency D. F. beacons at the 
approach and middle marker bea- 
cons, if desired. Further provi- 
sions were made for the addi- 
tional use of Ground Control 
Approach radar as an aid supple- 
mentary to the standard systerr 
where local conditions warranted. 
(In the interim report of the U. S. 
Senate Committee on Interstate 
and Foreign Commerce, ILS and 
(iCA are recommended for joint 
installation at the principal U. S. 
airports).® 

(2) 'file VITF omnirange, in com- 
bination with distance measur- 
ing equipment (DMK), was rec- 
ommended (but not standardized) 
for use on all international trunk 
routes where short distance navi- 
gational aids are required. The 
omnirange is to be of the CW 
[jhase comparison type, so that 
where the runway localizer of 
ILS is of that type, the same 
aircraft receiving set may be used. 
DAIE is the usual radar trans- 
ponder beacon type. Considera- 
ble leeway was left to individual 
countries, for use on a regional 
basis only, of such aids as are 
now available or under develop- 
ment ; for example, the Australian 
multi track pulse range together 
with DME, the American low- 
frequency omnirange, etc. 

® Interim Report of the Committee on 
Interstate and Foreign Commerce, U. S. 
Senate, titled “Investigation of Air Safety,*' 
Feb. 22, 1947. (Senate Report No. 36, 1st 
Session, 80th Congress.) 
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(3) LF loran was recommended 
for installation to investigate cov- 
erage of critical areas within re- 
gions indicated on priority lists, 
such installations to be limited to 
tliosc necessary to meet the op- 
erating re(|iiirements on inter- 
national air routes in those areas. 
Standard loran and othtr exist- 
ing long-range navigational aids, 
such as Consol, were recom- 
mended for retention or exten- 
sion to meet traffic requirements. 

The P. T. C. A. O. plan of ultimate 
functional requirements and imme- 
diate f)l)jectives for interim application 
l)()ints up an immense field for engi- 
neering research and development. 
The central problem for fijture devel- 
opment is that of short-distance and 
terminal handling of traffic. To this 
problem must be drawn much of the 
advancing art of guided missile con- 
trols, radar, and automatic computing 
methods. Here, the results of military 
research may be aj)[)licd to current 
civilian needs. 

11. Elccirouic Poi^'cr Conversion 

This re])resents the volume-sales 
branch of industrial electronics. Ap- 
plications of electronic power conver- 
sion are extremely diversified, includ- 
ing rectification, electroplating and 
electrolytic processing, and frequency 
conversion. A very substantial frac- 
tion of the electric power generated 
during the latter years of the war was 
converted to direct-current by mercury- 
arc rectifiers for the electrolytic refine- 
ment of light metais. Many other 
industrial processes utilize power con- 
verted from the 60-cycle supply by 
means of electron tubes and other 
electronic devices. Frequency conver- 
sion is a particularly important form 


of power conversion; for example, the 
60-cycle power is converted to power 
at frequencies up to hundreds of kilo- 
cycles for induction-heating and up to 
hundreds of megacycles for dielectric 
heating. 

In this country, existing installa- 
tions of induction and dielectric heat- 
ing equipment alone employ more 
large electron tubes than are used in 
radio broadcasting, communication, 
television, etc., throughout the world. 
Potential requirements for electronic 
heating are expected to increase this 
margin by a large factor. Indeed, 
major competition is now in progress 
between the electrical utilities and 
manufacturers and users of electronic 
heating equipment on the one hand 
and radio communication and broad- 
casting interests on the other hand for 
the assignment of radio frequencies. 
The problem lies in the fact that very 
imj)ortant new industrial processing 
methods may be endangered and cor- 
responding valuable electrical loads 
may be lost to the electric power com- 
panies if too stringent regulations are 
imposed on the frequency stability 
and/or electrical shielding of such in- 
dustrial electronic equipment in order 
to minimize interference with the com- 
munication services. 

For maximum exploitation of new 
applications, more information is re- 
quired on optimum and usable frequen- 
cies for the diversified products or 
materials which may be processed by 
electronic heating. The Federal Com- 
munications Commission has recently 
assigned a wide range of spot frequen- 
cies for this type of equipment. In- 
strumentation and data to allow the 
user to determine the optimum fre- 
quency for his product are vitally 
needed. 

In this field of power conversion, 
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manufacture of the product as well as 
use of the process is highly decentra- 
lized. The capital required in manu- 
facture is relatively small because the 
components (exclusive of tubes and 
power transfonners) are inexpensive 
and no heavy machinery is required. 
There is considerable room for the ex- 
ercise of individual ingenuity and in- 
ventiveness to find the solution to spe- 
cific application problems, liecause of 
tliis situation, the industry has great 
need for authoritative information on 
pertinent design factors. For exam- 
ple, one manufacturer considers his 
outstanding problem to be the design 
of a 1,000-KW unit which will operate 
elficiently with loads varying rapidly 
from 5 to 150 per cent of full-load 
rating. 

It will be evident to this audience 
that the college engineering research 
laboratories can make vital contribu- 
tions to this field. On its part, the 
National Bureau of Standards is inves- 
tigating wherein it may be of service, 
within its prescribed sphere of activi- 
ties. The work involved is straight- 
forward engineering development and 
can in no sense be considered to be 
awaiting new basic scientific discoveries. 

F. Electronic Instrumentation and 
Controls 

This is a field of application of elec- 
tronics which has virtually no limits. 
It advanced very materially during the 
intensive wartime exploitation of elec- 
tronics. As might be expected, elec- 
tronic instrumentation serves much the 
same purpose in industry as in science. 
The essential difference is that, in 
manufacturing, the measurement or 
analysis is made in connection with 
controlling the quality of a process or 
of a ])roduct ; whereas, in scientific in- 
vestigations, greater accuracy and 


rather more basic information are often 
sought. Electronic instrumentation 
provides a whole series of new ap- 
proaches without which recent ad- 
vances in science and engineering 
would have been well-nigh impossible. 

In simpler applications of electronics 
to measurement and analysis, the basic 
elements of the instrument comprise a 
transducer for changing the function 
measured into an electrical impulse, an 
amplifier, and an indicator. For in- 
strumentation of the type indicated, 
there is need for the development of 
standard basic elements which may be 
combined to perform a wide variety 
of functions. 

In many instances, telemetering is 
required for transferring the indication 
to a point remote from where the actual 
measurement is made. An example of 
this is the analysis of stresses in air- 
plane structures by instrumental, trans- 
ducing and amplifying means on the 
airplane with the recording means on 
the ground. Telemetering is then 
accomplished by a radio link. Until 
recently, the radio sonde was perhaps 
the best known example of the use of 
electronic telemetering in instrumenta- 
tion. Currently, our knowledge of the 
physics of the air is being expanded by 
instrumentation, including telemeter- 
ing, carried into the upper atmosphere 
by the German V-2 rocket. In its tests 
of the missile in New Mexico, the 
Army Ordnance Department has af- 
forded participation by a group of 
scientific organizations to conduct par- 
allel investigations on the physics of 
the upper air. 

The tremendous scope for electronic 
instrumentation can hardly be over- 
emphasized. Precise measurement is 
the essence of science mnd of industrial 
processing. Electronic instrumenta- 
tion affords a flexibility virtually be- 
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yoncl tliat of previously known means. 
There is ample room for research work 
in basic electronic instrumentation to 
exploit fully its potentialities. 

There is a special class of large elec- 
tronic instruments, developed primarily 
by the scientist and of particular value 
to the experimental progress of basic 
science. This class of tools includes 
mass spectrometers for chemical analy- 
sis and process control, devices for ac- 
celerating electrons and ions, and de- 
vices useful in the application of radio- 
active elements to industrial purposes 
and to medical research and practice. 
One needs only to mention the electron 
microscope, the cyclotron, the betatron, 
the synchrotron and the linear accel- 
erator to indicate the scope of this type 
of application. I saw recently a list 
of sucli instruments being installed, or 
planned for installation, in scientific 
institutions of the United States; the 
numbers and the ratings in hundreds of 
megavolts were impressive. I would 
judge that the costs in megabucks 
were equally so. The outlook is for 
great scientific advances from the use 
of these installations. The scope for 
research on improving instruments of 
this type, or devising new ones, would 
appear to be large. 

Electronics control to quote a recent 
article in Fortune ® “increases the ef- 
ficiency, safety, and control of power, 
flight, machines, and automatic proc- 
esses, and is in wide expansion.” The 
same article states ; 

“Probably less than 5 per cent of in- 
dustry is equipped with electronic devices 
that it could profitably use. If it were 
fully equipped, the effect might be like 
that of transforming the average work- 
man so that the power of his senses, and 

t 

« Fortune, Vol. 33, Nos. 1 and 2, Jan. and 
Feb., 1946. American Productivity, I and 
II, by Charles B. Walker. 


his mental and physical endurance, were 
multiplied a thousand times.” 

As in the case of electronic instru- 
mentation, the diversification of po- 
tential applications of electronic con- 
trol devices is awesome. The relative 
importance of specific types of appli- 
cation is necessarily based on the ex- 
tent of their utilization. For example, 
a large majority of the automobiles 
produced in Michigan have their 
frames welded by machines using a 
special type of electron tube, the igni- 
tron, which controls the welding 
process. 

A typical use of electronic controls 
is for maintaining constant tempera- 
tures in the furnaces of the metallurgi- 
cal industry. The critical factor in this 
application is the degree of accuracy 
attainable. This involves devices for 
the measurement of temperature, elec- 
tronic devices for translating the meas- 
urements into control forces and means 
for adjusting the furnace temperature 
in response to the control. This type 
of “closed circuit” control is typical of 
a new and large class of devices known 
as servo-mechanisms. The advent of 
electronic sensory elements and ampli- 
fier equipment has been a tremendous 
step forward in the development of the 
servo-mechanism. The use of servo- 
mechanisms is as widespread as the 
need of industry for accomplishing cor- 
rection of changes in some condition in 
response to detection of such changes. 
In this sense, the servo-mechanism has 
come to be defined and analyzed as a 
type of feed-back amplifier. In certain 
applications, it is evident that the am- 
plification, conversion, and transmis- 
sion of forces involved may be accom- 
plished mechanically. However, the 
flexibility afforded by electronic con- 
trols, including the readier means avail- 
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able for correcting time lags, hunting, 
etc., accounts for the invasion of elec- 
tronics into this field. 

A fertile sphere of application of 
electronic controls lies in industrial 
processes which require close control of 
several conditions and of the constitu- 
ent ingredients to secure a satisfactory 
product. Often the end product is ana- 
lyzed at frequent intervals and, if not 
of desired quality, rather involved com- 
putations are made to determine the 
requisite adjUvStment of conditions or 
ingredients. It is within the possibili- 
ties of the present state of electronics 
to accomplish the analysis, the compu- 
tations and the adjustments automati- 
cally so that the quality of the product 
may be kept continuously at the high- 
est possible level. The overall elec- 
tronic system may be considered a 
super servo-mechanism since, in the 
sense of the feed-back loop definition, 
departure from desired quality of the 
product is detected and automatically 
minimized. 

It will be evident that there is great 
need for vigorous exploitation of this 
field in cooperation with industry. 
Such work will necessarily involve the 
development of new methods and the 
systematization of fundamental data 
and pertinent design factors. 

A factor which is believed to be 
operating against more widespread ap- 
plication of electronic controls in in- 
dustry is the relatively short life and 
non-ruggedness of electron tubes and 
circuitry. In the application of elec- 
tronic devices to the control of ma- 
chinery or processes, it is important 
that maintenance requirements be mini- 
mized, particularly since many indus- 
trial plants do not have electronic engi- 
neers available. 

Miniaturization of electronic circuits 
and components is also highly neces- 


sary in certain industrial applications. 
An electronic control device should 
form an integral portion of the unit it 
controls. It should, furthermore, con- 
stitute a readily replaceable unit. Only 
then will it be completely accepted by 
industry. Fortunately, the technology 
of the proximity fuze has gone a long 
way toward the ruggedization and 
miniaturization of electron tubes, cir- 
cuits, and components ; these tech- 
niques are now being adopted rather 
widely in the industry. 

C. Electronic Computing Aids 

The electronic digital computing ma- 
chine is the latest example of tlie .speed 
and flexibility afforded by electronic 
methods. I consider that the advance 
made in this field during the war repre- 
sents one of the most important scien- 
tific achievements of the past decade. 
To introduce this subject, I quote from 
1 )r. Condon’s address : ^ 

‘'Only those who are skilled in niatlie- 
niatical physics realize how very limited 
IS man’s ability to obtain analytical solu- 
tions to important problems in applied 
mathematics. Great as has been the 
progress of the past century, the time has 
( time when many problems of great im- 
portance, especially in hydrodynamics, 
aero-dynamics and meteorology, can only 
be handled by methods based on elaborate 
arithmetical computation. For a good 
many years now it has been the practice 
to introduce artificial and unjustified ap- 
proximations into the setting up of many 
such problems in order to reduce them to 
a form tractable by our limited analytical 
attainments. As a result one is often con- 
fronted with this unsatisfactory situation: 
A theoretical calculation is made and the 
results are compared with experimental 
data and discrepancies are found. The 
question now is, sPre these discrepancies 

Electronics and the Future, Oct. 3, 1946. 
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due to an improper physical formulation 
of the problem, or due to the inadequacy 
of the mathematical methods used in mak- 
ing specific calculations from a correct 
physical formulation ? Such a situation is 
clearly intolerable. 

‘‘On the other hand, calculations re- 
quired for problems of current interest 
r arc so elaborate as to require many man- 
ycars of work by skilled computers. 
Aside from the cost involved, such a 
situation slows down progress because 
one has to wait too long to get an answer 
by old-fashioned hand-operated comput- 
ing machines. 

“A good deal of progress was made 
# during the war in opening up the field of 
application of electronic methods to rapid 
calculations. . . 

Federal activity in the computing 
field stemmed principally from the ef- 
forts of the War and Navy Depart- 
ments to accjuire computing machinery 
constructed specifically for critical war- 
time computation needs. There were 
three significant developments in this 
period: (1) an electromechanical com- 
puting device (the IBM sequence con- 
trolled calculator) of the Harvard Com- 
putation Laboratory, (2) relay type 
computing machines of the Bell Tele- 
phone Laboratories, and (3) an elec- 
tronic computing machine (ENIAC) 
of the Moore School of Engineering 
of the University of Pennsylvania. 

The application of such machinery 
ranged from numerical solutions of 
problems involving nuclear physics, 
hydrodynamics, electromagnetic wave 
propagation, the computation of firing 
tables, the application of statistical 
sampling theory and the like, to inclu- 
sion as components in missile flight 
simulators and fire control apparatus. 
The need for high computation speeds 
\was extremely urgent, and the digital 
machines developed to meet it played 


a significant role in shortening the 
conflict. 

A significant result of the intensive 
development and use of the high-speed 
computing machines during the war is 
that designers have been provided with 
operating data that would normally 
have required many years for accumu- 
lation. Experience now indicates 
rather clearly both the merits and the 
deficiencies of existing machines. The 
consensus of expert opinion is that the 
potentialities of electronic machines 
surpass those of the electromechanical 
and relay types and that further devel- 
opment should probably be limited to 
the electronic field. It is also agreed 
that an unparalleled opportunity for 
design improvements is at hand and 
that electronic digital computing ma- 
chines can be constructed that will far 
exceed the ENIAC in speed and 
flexibility. 

Electronic digital computing machine 
dcvclotmient recjuires the cooperation 
of two groups : mathematicians, respon- 
sible for the mathematical performance 
requirements and for organizing the 
mathematical logic; and physicists and 
engineers, responsible for developing 
the basic functional organs and for the 
engineering design integrating these 
organs into a unit capable of perform- 
ing the ])rescribed tasks. In the com- 
plexity of circuitry, this field probably 
exceeds radar. There is ample room 
for new ideas and techniques. Tlie 
demands for such equipment promises 
to become of significant commercial 
volume. 

Great need for electronic computing 
aids exists in industry, in the universi- 
ties, and in the Government. In indus- 
try, for example, the super-servo sys- 
tem cited in connection with electronic 
controls will require automatic comput- 
ing elements of varying complexity. 
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The need in civilian agencies of the 
Government arises largely from the 
new complexity of problems in the 
social and physical sciences. For ex- 
ample, the Census Bureau needs to 
speed up the processes of sorting and 
analyzing field data involved in the 
preparation of monthly reports on labor 
force and of import and export statis- 
tical reports. In typical instances, the 
number of records studied may run to 
several million. wSpeed of report is, 
therefore, essential. The Census Bu- 
reau has other computational problems 
which may be carried out practically 
only through the aid of electronic com- 
puting machines. 

The Weather Bureau probably rep- 
resents the outstanding example of 
need by a civilian agency for electronic 
computational aids. Here, the mass of 
three-dimensional weather data col- 
lected daily over extensive geographical 
areas must be interpreted to provide 
reliable weather forecasts. The dy- 
namic theories of weather forecasting 
have apparently outstripped the ca- 
pacity for computations required to 
apply these theories. The Weather 
Bureau is actively engaged in the study 
of problems the solution of which might 
be facilitated through the use of elec- 
tronic computing machines. There is 
need for parallel study of basic com- 
puting systems and equipment designed 
to carry out the required computation. 

Other civilian agencies having pos- 
sible present or future needs for elec- 
tronic computing machine facilities in- 
clude the National Bureau of Stand- 
ards, National Advisory Committee for 
Aeronautics, Civil Aeronautics Admin- 
istration, and Social Security Board. 
For example, the Bureau of Standards 
requires the use of the most advanced 
types of computational aids in connec- 


tion with a number of its scientific in- 
vestigations as well as in its work on 
mathematical tables. Moreover, a pro- 
posed computation center to»be oi)er- 
ated by the Bureau will increase its re- 
quirements for such computational aids. 

I shall not attempt to outline the 
present activity on electronic digital 
computing machines except for the 
mention of a partial list of develop- 
mental agencies which includes the In- 
stitute of Advanced Studies at Prince- 
ton, the Moore School of Electrical 
Engineering, the National Bureau of 
Standards, Harvard ■ University, and 
the Massachusetts Institute of Tech- 
nology. 

III. Conclusion 

In conclusion, I trust that you will 
agree with me that an examination of 
the actual state of aflfairs points to a 
great future for electronics and to a 
very fruitful field for engineering and 
physical research. Anyone who was 
present at the recent great convention 
of the Institute of Radio Engineers, 
where more than 11,000 engineers and 
physicists attended the technical paper 
sessions and some 14,000 the exhibit- 
packed Grand Central Palace, cannot 
have avoided catching some of the en- 
thusiasm with which many of us are 
imbued. The emphasis of other scien- 
tific and technical societies on elec- 
tronic matters emphasizes the impor- 
tance of this branch of science. The 
history of the development of atomic 
energy teaches us that any great de- 
velopment will carry along with it im- 
portant tasks for electronics. If we 
get an atomic power industry in the 
near future, it will be largely electronic 
in character because of the obvious ne- 
cessity for equipping these plants with 
completely automatic control devices.- 
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Dean E. K. ITo])hoiisc, of Upsilon 
University, strode into the Chancellor's 
office. ‘‘Mr. Chancellor,” he spuUered 
after the initial handshake, “Look at 
these statistics! Out of 200 freshmen 
enrolled in the School of En^^ineerii^^ 
who are taking English I, there are 
18 per cent F's and 43 per cent D's. 
Now what the hell's the matter? Are 
our students, who get average or above 
average grades in their mathematics, 
chemistry, and physics so dumh that 
they can't master their own language, 
or are the standards of the Engli.sh De- 
partment too high ? Or maybe we 
have too many damned aesthetes teach- 
ing our hoys !'' 

'I'he complaint of Upsilon's Dean is 
a standard one in almost every univer- 
sity in the United States. The engi- 
neering teacher — and at times, even 
many English teachers of engineering- 
students — realize that our present 
teaching of English to the embryonic 
engineer is sadly deficient. In the 
typical American university, the Eng- 
lish Department has a polite condescen- 
sion towards the Schot)! of Engineer- 
ing. The English teacher himself, 
trained by a graduate school as a spe- 
cialist in literature or in composition 
of the aesthetic type, often finds him- 
self in opposition to the material to be 


taught the engineer and to the engi- 
neer's viewpoint. Having interests 
which arc primarily artistic, he looks 
u])on the aims of the potential engineer 
as too practical. 

If he is assigned to teach a course in 
freshman English for engineers, he 
may give the students subjects for 
compositions which are divorced from 
their interests. Such subjects might 
range from a description of grand- 
father's old bay horse to the taste 
of celery, but he will never suggest 
that his students explain the operation 
of a governor or the use of an indus- 
trial incentive .system. Tie fails to 
motivate his students through their ex- 
isting interests. 

The best composition is done when 
the writer has enthiisiam for his sub- 
ject, but the topics most often assigned 
j)y English teachers to technical stu- 
dents do not stir this enthusiasm. Is 
the average Engli.sh teacher, then, ful- 
filling his obligation to the engineering 
student ? 

Unfortunately members of English 
departments look upon their schedules 
in schools of engineering as “necessary 
busy work.'* Heads of departments 
are only too pleased to farm out this 
work to any luckless graduate assist- 
ants who may be cajoled into taking 
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the job. The best men are occupied 
with teaching their favorite courses in 
the College to students who may some 
day become English teachers or who 
may develop an abiding enthusiasm for 
literature. The tyros who take the en- 
gineering student in hand often regaid 
their job as distasteful, to be endured 
until they can get a teaching schedule 
related to their s|)ecial interests. 

What can be flonc to impnAc the 
teaching of b'nglish to engineers? 

There are at least two possibilities. 
The first is the creation in the School 
of Engineering of .i sejiarate Depart- 
ment of English. Such a department 
.should have its own head ; it should be 
under the jurisdiction of the dean of 
the School of Engineering. Its faculty 
should be recruited from men who have 
been trained in cngineeiing as well as 
in English The courses should be 
planned to apjieal to the jiiimary in- 
terests of the engineering student. 

Both the faculty and the students 
should benefit by this plan. 

First of all, it would effect a closer 
cooperation between the English fac- 
ulty and the engineering faculty. Eng- 
lish would become as much a part of 
the wSchool of Engineering as the De- 
partment of Mines and Mineralogy is 
And the engineering teacher, knowing 
the sort of writing his students will 
need when they become professional 
engineers, will be able to give valuable 
advice to his colleagues in English in 
the planning' of courses in composition. 
He will, moreover, frequently be in 
consultation with the English teacher 
concerning the type of literature which 
the engineering graduate ought to be 
familiar with. 

Separation of the Department of 
English in the School of Engineering 
from the Department of English in the 
College will make it possible for the 


instructor to become a specialist in the 
teaching of engineering students. In 
place of the slipshod work of graduate 
assistants newly recruited tfach year 
for a distasteful task, there will be sub- 
stituted efficient teaching by men spe- 
cially trained to meet the problems of 
the engineer. Too many young men 
teaching technical students know little 
abfuit the course material ; too few are 
willing to learn. In senior cour.ses 
centered on the writing of engineering 
leports and articles, the average mem- 
ber (ff an English dcj^artment usually 
fails to understand, the technical prob- 
lems involved. \n English faculty 
l)eimancntly attached to the School of 
baigineering would go beyond a super- 
ficial acquaintance with the subject 
matter. 

Another advantage of the ])roposed 
t>i)e of organ i/at ion is that it will re- 
sult in more jiractical work for the stu- 
dent. The aesthete will be relieved 
from teaching in the Engineering 
School, and the relief will be mutual 
for student and teacher. Subjects for 
writing will grow out of the engineer- 
ing work itself, with a consequent 
sharpening of student interest; the en- 
gineer’s need for English will be ap- 
])arent to him. 

Because this plan will require special 
training for the English faculty — train- 
ing as specialized as that of engineering 
instructors — salaries should he on the 
same level as those of their engineer- 
ing colleagues. These salaries, in fact, 
should be part of the budget for the 
School of Engineering and should not 
come from funds allocated to the Col- 
lege of Liberal Arts. Only a well-paid 
English staff will produce the expected 
results. 

If the School of Engineering is will- 
ing to provide the funds for this plan, 
it will be able to attract men with the 
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training and ability requisite for the 
teaching of English to engineers. Few 
graduate assistants will need to be 
used, and those few will have served 
an apprcnticcshi]) under competent 
English professors in the f^ngineering 
School. The professors themselves 
will be chosen because of their kncnvl- 
edge of teclinical as well as of liljeral 
arts subjects. Training by this sort 
of teacher should generate enthusiasm 
for self-expression in engineering 
graduates. 

For the first time the majority of 
students will probably look upon Eng- 
lish as an essential part of their techni- 
cal training. Taught by men s\mpa- 
thetic to the ideals of engineering writ- 
ing, they will be stimulated to do work 
of high quality. 

As in every change of organization, 
some disadvantages will naturally be 
apparent. An b'nglish staff chosen to 
serve the engineering sitidcnts and 
giving courses aimed to satisfy practi- 
cal ends might meet opposition from 
the students themselves, who already 
think that their curriculum is too full 
of technical courses. The right sort of 
teachers, however, will offer the broad 
training which the student needs. Such 
a plan as the one advocated here should 
turn out more literate engineers than 
the present system does. 

There is also the possibility that this 
])lan might emphasize the tendency to 
set apart the engineering student as 
a peculiar species, one removed from 
his fellows. But with the use of block 
sections in English, the engineer now 
has little contact with students special- 
izing in other subjects. The objection, 
then, is hardly valid. 

From the standpoint of the Fhiglish 
faculty, there is the ix)ssibility that the 
School of Engineering may dominate 
its work. The system outlined above, 


however, should produce cooperation. 
The English staff, being j^art of the 
School of Engineering, will share its 
aims. There should be no basic conflict. 

The question may be a.sked, “How 
will a faculty, properly symi)athetic to 
the engineering program and its pur- 
jioscs, be recruited? Where are we 
to find men who have both an engi- 
neering and a liberal arts background?” 
'Two answers suggest themselves. 'The 
pi'ofcssorial life and a good salary may 
attract the articulate engineer from in- 
dustry, or these same rewards may in- 
fluence the man trained in [English to 
do collegiale work in basic engineering 
subjects before he begins his teaching 
career. 

Tf the ])Ian as outlined should make 
too sharp a division between the work 
in English in the Engineering School 
and that in the College of Tjberal Arts, 
an alternate plan is suggested which 
.should bring most of the benefits of 
the iir.st ])lan to students and faculty. 
A subdivision within the Dej)artment 
of luiglish could be established lO .serve 
the interests of the engineering stu- 
dent. A member of the English Dc- 
])artment should be designated as the 
head of this subdivision, with authority 
to speak concerning Engli.sh for engi- 
neers at meetings of department heads 
or conferences on engineering training. 

Like the preceding plan, this form 
of organization would force recognition 
of the fact that the engineering student 
needs training in English different 
from that given to candidates for an 
arts degree. At the same time, the 
head of the subdivision, acting with the 
advice of his colleagues in Liberal Arts, 
could insure that the engineer’s train- 
ing would not be too narrowly practical. 

One weakness might develop. Just 
as in the previous plan, in which there 
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was a danger that the Engineering 
School would exert too much influence 
over (he content of English courses, 
so in this case the English Department 
of the College might force unacceptable 
subject matter on the faculty of the 
subdivision. A head who had a realis- 
tic approach to the problems of the 
engineering student might well over- 
come this disadvantage. Emphasis 
again should be given to the special 
training of the faculty constituting this 
subdivision. This entire plan would 
be unwoikable, of course, if the head 
of the Department of luiglish in the 
College were unsympathetic to the spe- 
cial needs of engineering students. 

When these two plans are consid- 
ered, it appears that the first has sev- 


eral advantages over the second. A 
separate Department of English for the 
School of Engineering would give its 
members freedom of action ito work out 
plans in cooperation with the School 
of Engineering. In addition, the mem- 
bers would be able to confer when 
necessary with their colleagues attached 
to the English faculty of the College. 
The difficulties of setting up a depart- 
ment within a department would be 
avoided. The student would have the 
advantage of being taught by men who 
have specialized in engineering com- 
munications; he would be assigned 
more practical and interesting work. 
Either plan, however, would be more 
effective than our present inchoate 
system. 
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A little over a year ago Dr. Ben- 
jamin Fine, educational editor of the 
New York “Times,” stated that 
“Nearly every institution of higher 
learning lias one or more curriculum 
committees working on the problem of 
prejiaring plans to meet changing con- 
ditions of a world at peace.*' The ac- 
curacy of this statement has been 
amply substantiated by the frequency 
with which announcements have been 
released by colleges concerning their 
adoption of new curricula following 
committee reports. 

Like so many other faculties during 
the past several years, those of the 
North Carolina State College have 
been engaged in extensive studies to 
formulate post-war plans. It was my 
hitcresting fortune to be active in the 
Planning Committee of our School of 
Engineering, which after more than a 
year and a half of study and delibera- 
tion made recommendations concern- 
ing post-war engineering curricula. 
During our work an appreciation was 
gained of the history of the develop- 
ment of engineering education to its 
present state of youthful maturity. 
My remarks here are a* result of the 
impressions gained during the life of 
our committee. 

* Presented at the Southeastern Section 
Meeting of the A.S.E.E., Louisville, Ken- 
tucky, April 18, 1947. 


It seems proper that engineering 
curricula be continuously under scru- 
tiny and subject to periodic re-evalua- 
tion. This is essential, first in the ef- 
fort to assure that adopted curricula 
are adequate for current times, and 
second that curricula revisions be made 
in keeping with the changes in our 
society and technology that inevitably 
occur with the passage of time. 

To say that times change is aebnit- 
tedly trite, but a striking, as well as 
an amusing, example of this truism 
was noted when we ran across the fol- 
lowing rules from an American school 
as published in 1784. 

“We prohibit play in the strongest 
terms . . . the student shall rise at five 
o’clock in the morning, summer and 
winter, . . . the student shall be indulged 
in nothing that the world calls play. Let 
this rule be observed with strictest nicety ; 
for those who play when they are young 
will play when they are old.” 

I wonder how many of you were on 
the golf course at some time during 
the past week or anticipate a foursome 
in the days directly ahead. It is doubt- 
ful if a sharper contrast can be found 
between former and current educa- 
tional philosophies than this one just 
quoted. 

The many institutions that have 
had committees busy with curricular 
studies these last few years include 
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botli general and specialized colleges 
and schools. Among the general col- 
leges, .the Harvard Report, ‘'General 
Education in a Free Society,’’ has 
probably received the most wide- 
spread publicity. Shortly after this 
was made public, similar committee 
activity was reported from Princeton 
and Yale. In each recommendation, 
a common trend is noted. This is in 
the turning away from the free elec- 
tive system which was introduced by 
President Elliott of Harvard more 
than sixty years ago and was accepted 
generally by most liberal arts colleges 
in succeeding years. While in the 
present recommendations elective privi- 
leges will be curtailed to prevent ran- 
dom choice, students will not be held 
rigidly to a fully prescribed program 
but will have limited electives from a 
group of integrated studies. Reports 
from many other schools indicate 
trends generally similar to those re- 
ported by Harvard, Yale, and Prince- 
ton. 

Turning to a review of the picture 
in engineering education, it is profit- 
able first to trace briefly its develop- 
ment. 

Until about a century and a quarter 
ago, engineers prepared for their work 
quite as they had done through the 
fifty preceding centuries. It appears 
that there was much in common be- 
tween the engineering training of those 
who built the pyramids and the ancient 
roads and aqueducts of Rome and 
those who built the Erie Canal. Both 
were taught by observation, practice, 
and apprenticeship. 

However, in the middle of the 18th 
Century, schools for engineers were 
begun in Europe. The first of these 
were primarily for the training of 
military engineers, and it was only a 
short step from military to civil engi- 


neering. It appears that the first of 
these European schools arose in 
France, though one authority gives 
convincing proof that engineerhig edu- 
cation began in Germany, and further 
that these schools were initially in- 
augurated for instruction in the field 
of the mineral industries. 

The development of engineering 
education in France influenced mark- 
edly the initial tendencies of similar 
instruction in this country. Rens- 
selaer Polytechnic Institute began in 
1824 as the first collegiate school of 
engineering in any .English-speaking 
country. Its leadership had important 
influence on subsequent engineering 
education here, and since it had in 
turn been influenced markedly by 
France’s Ecole Polytechnique, this 
French influence was transmitted to 
the United States. Simultaneously 
with this European influence on the 
initial development of our engineering 
schools, there was the influence of our 
own general college. This resulted 
from the introduction of engineering 
curricula into the general colleges be- 
tween 1840 and 1860. In many in- 
stances, the engineering unit was de- 
pendent upon the support of the arts 
college and the philosophy of the latter 
was impressed upon the engineering 
educator. There was, indeed, at that 
time, engineering material sufficient 
only for about one year’s instruction. 
The following is from an announce- 
ment from Rensselaer early after its 
inception. 

“Students of the engineer corps are 
instructed as follows : Eight weeks in 
learning the use of instruments (as com- 
pass, chain, scale, protractor, level, etc.) 
with their applications ^to surveying, 
leveling, calculating excavations; eight 
weeks on mechanical powers, circles, 
conic sections, construction of bridges, 
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arches, railroads, canals,' running circles 
for railways; four weeks in calculating 
the quantity of water per second supplied 
by streams as feeders for canals or turn- 
ing machinery; four weeks to study the 
effect of steam and wind as applied to 
machinery.” 

There was also a strong influence of 
military educational philosopliy on 
early engineering education. This re- 
sulted from a goodly number of West 
Point graduates resigning their com- 
missions and accepting positions in the 
various newly assembled engineering 
faculties. 

As the engineering curricula and 
faculties grew within the general col- 
leges, there was inevitable conflict be- 
tween the tw'o groups, in method and 
viewpoint. It was not an eajiy time in 
the growth and development of engi- 
neering curricula. 

A great stimulus to engineering edu- 
cation development occurred in 1862 
in tlie passage of the Morrill Act, 
which created the great system of 
land-grant colleges and universities 
throughout tlie country. This Act 
gave general recognition to education 
in agriculture and the mechanical arts 
and insured the establishment of at 
least one institution directed to this 
aim in every state and territory. This 
led to a rapid expansion in the field 
of engineering education. 

Another growth factor in the de- 
velopment and general public accept- 
ance of engineering education was 
reached at the Centennial Exposition 
of 1876. There for the first time the 
public saw exhibits which included the 
Corliss engine, gas lights, and the 
electric generator and motor. 

This public interest resulted in rapid 
technological strides, and by the time 
of the Columbian Exposition in 1893, 
engineering education and educators 


had attained a stature and a profes- 
sional consciousness of such propor- 
tions that engineering education seemed 
now well able to stand without assist- 
ance from the general college. As a 
result of this, separate curricula, now 
quite divorced from the general col- 
lege, were developed. As science and 
invention marched on, new machines 
and technologies were introduced, and 
there was great [pressure to include 
instruction in tliesc new fields in the 
engineering curricula. This was done 
at the expense of the social and human- 
istic courses, which earlier were there 
through the influence of the general 
college. It is also (|uite probable that 
this exclusion of these courses was 
furthered because of the lack of sym- 
pathy for them on the ])art of the engi- 
neering faculty, which had resulted 
from earlier clashes with the arts 
faculty and aflministration. 

Feeling their ])rofessional conscious- 
ness and sensing their contribution to 
industrial progress, the engineering 
educators formed in 1893 the Society 
for Promotion of Engineering Educa- 
tion, now The American Society for 
Engineering Education. As you so 
well know, this Society continuously 
grew and has made itself felt tremen- 
dously in the general development of 
engineering education. From the turn 
of the century up to I he time of the 
first World War, those responsible for 
engineering curricula probably felt 
their maximum freedom from the 
necessity of association with the social 
and humanistic influence. However, 
World War I began to awaken within 
the engineer a realization of the part 
he plays in the development of the 
culture as well as the civilization in 
which he lives. There were distress- 
ing results of embarrassment and 
humiliation from this appreciation. 
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The engineer began to realize that 
while he contributed markedly to the 
industrial development of his time, he 
had little understanding and less con- 
trol over the social problems posed by 
the very industrial development he 
sponsored. References in our journals 
are legion concerning this gradual 
awakening among engineers to the 
fact that all was not ideal within the 
engineering curricula of the 20th Cen- 
tury. Repeatedly, engineers were re- 
ferred to as the servants, not masters, 
of industry, the contributors to a tech- 
nology, but seldom the leaders of a 
society. 

There were those who felt that an 
engineering training w’as adequate to 
qualify one for successful participation 
in social and economic affairs without 
benefit of courses in the so-called 
“humanities.*' Yet by and large, this 
conclusion seems false. Professor 
Straub of the University of Minnesota 
spoke at a civil engineering educational 
symposium in 1941 on this question, 
and I quote him : 

‘T cannot agree that our much glorified 
'engineering approach to a jirohlenf is 
the panacea which the world has been 
awaiting. In fact, the technical pro- 
cedures of the engineer, where not tem- 
pered by the perspective gained in studies 
in the humanities, definitely handicap him 
in his efforts to unravel social problems. 
He fails to recognize that the structure 
or social-economic order is dynamic and 
constantly changing — fundamentally dif- 
ferent from technology. The ever-chang- 
ing problems of human affairs do not lend 
themselves to fixed formulas as technol- 
ogy does, encompassed as it is by the rigid 
laws of the physical sciences.” 

There was also an increasing aware- 
ness of the change in our country, in 
the limits to further geographic expan- 


sion and a consequent re-definition of 
areas of possible service. 

Dean Hudelson of the University of 
Illinois has pointed out that in that 
State whereas in 1870 there was an 
agrarian isolation with only 17 per 
cent of the population living in towns 
of 8,000 or more, there is now the in- 
dustrial congestion resulting in 74 per 
cent of the people living in towns of 
more than 10,000. 

Another trend of tremendous in- 
fluence has developed since the forma- 
tion of the A.S.E.E. This is the 
growth and pojnilarization of higher 
education in general. It was more of 
a distinction to graduate from high 
school in the year of the founding of 
our Society than it is to graduate from 
a college today. Since 1893, there has 
also been a moderate expansion in a 
number and variety of engineering 
curricula. 

It was inevitable that many pressing 
])roblems develop from the tremendous 
expansion of engineering education 
within the last fifty years. One of the 
most prominent and perplexing has 
been the inevitable crowding of a cur- 
ricula limited to four years, and many 
have been the attempts to solve the 
problem this poses. Recognizing that 
no true solution was evolving, this 
problem led in 1939 to the formation 
within the S.P.E.E. of a committee on 
the Aims and Scope of Engineering 
Curricula under the chairmanship of 
H. P. Hammond of the Pennsylvania 
State College. The report of that 
committee has been widely studied 
and has had great influence on the 
trend of engineering education up to 
today. 

Early in its deliberation, this com- 
mittee noted that engineering is a 
functional branch of our national sys- 
tem of higher education, being the 
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technology branch in contrast to that 
of agriculture, economics, etc. Thus, 
it is not comparable to the profes- 
sional schools such as Law, Medicine, 
and Theology. So we find that the 
engineering curricula have the respon- 
sibility for the fuli and broad educa- 
tion of those students choosing engi- 
neering as a career. 

This must include responsibility for 
social and humanistic insi ructions as 
well as for it in science and engineer- 
ing. The professional schools which 
can demand a preliminary college* 
period of study such as pre-law, pre- 
medicine, are freed from such re- 
quirements. Thus, we begin to sense 
the responsibility of the engineering 
faculty. 

For at least the past two decades, 
various engineering educational leaders 
have recommended that, as a solution 
to this very real dilemma, curricula 
leading to the Bachelor's degree in 
engineering be lengthened from four 
to five years. But it is financially and 
economically difficult on both school 
and student, particularly the latter, to 
lengthen the four-year course that has 
for so long been the norm. A number 
of schools have experimented with this 
proposal, but it has never been gen- 
erally accepted. Such five-year trials 
as were in operation at the beginning 
of our entry in World War II were 
nearly all abandoned due to the pres- 
sure of urgent war programs. Now 
with the post-war policies developing 
one can expect with assurance that 
this manner of solution will be tried 
again. Today we find Minnesota, 
Ohio State, and Cornell announcing 
the adoption for five-year curricula in 
engineering with no shorter alternative 
oflfered, at least to non-veterans. The 
engineering educational world will 
watch with keen interest the response 


to the five-year curricula ventures of 
these leading engineering schools. 

World War I[ has, of course, tre- 
mendously underscored the need for 
the training in citizenship, social re- 
sponsibility and leadership along with 
the technological training for all engi- 
neers. Adequate attention to social- 
hunianibtic needs must be given. 

Training in English to insure that 
young engineering graduates have the 
ability to express themselves in a clear, 
concise manner is being demanded 
with increasing emphasis. The ad- 
vances in special technologies have 
been so varied, rapid, and extensive 
that coverage of special technologies is 
now impossible. These advances, 
further, require sound fundamental 
knowledge for their understanding and 
successful study in later years, either 
in post-graduate work or in industrial 
practice. Because of these urgencies 
in varied fields of general education, 
the philosophy underlying engineering 
education is today being based more 
and more on a broadening of the base 
of engineering education in which 
strong emphasis is placed on funda- 
mentals, rigorous instruction in the 
use of English, and inclusion of a well- 
planned social-humanistic stem. 

Since these bases are common to the 
needs of all engineering curricula, it 
has been possible in many instances to 
create a curriculum that is uniform for 
all engineering students for the first 
year. As the desirability for the uni- 
versality of be^ic instruction in all 
engineering curricula has increased, it 
has been possible to extend this cur- 
ricular uniformity well into the second 
and even to an appreciable extent into 
the third year. Beyond the philosophi- 
cal justification for this trend, it fur- 
ther oflfers practical advantages to both 
student and faculty. It allows the 
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student a longer period of engineering 
acquaintanceship prior to his making 
his vocational choice, and through 
siinph heat ion of instruction it eases the 
administrative burden of the faculty. 
While I cannot at the moment accept 
tlie extent to which I have recently 
heard this trend proposed, I have 
found in several w'idely separated in- 
stances the suggestion that out of a 
four-year program leading to the 
Bachelor’s degree in a designated engi- 
neering branch the hrst three years 
be totally uniform. 

Because of the impact of World 
War TI, the report of the Committee 
on Aims and Scope of Engineering 
Curricula was re-submitted for study 
to a committee on Engineering Educa- 
tion after the War, appointed in 1943. 
'Iliis was also under the chairmanship 
of II. P. Hammond. This committee 
was “directed specifically to study the 
need, as made clear by the issues of 
war, of creating among engineers an 
understanding of the social and eco- 
nomic world they live in and have so 
large a share in creating.” 

This committee re-substantiated the 
report of the earlier committee on 
Aims and Scope adding to it special 
emphasis on social responsibility and 
suggesting that undergraduate engi- 
neering training should be developed 
for three groups of students: (1) those 
who w'ould follow engineering pro- 
grams for the usual pattern, (2) those 
preparing for jobs in the operation 
and management of industries, and 
(3) those who would be fitted for 
unusual scientific and creative accom- 
plishments. The committee report 
gives detailed suggestions concerning 
means for achieving these educational 
objectives. It was this report that 
recommended not less than 20 per 
cent of the student's educational time 


be devoted to the humanistic-social 
stem. 

A second problem that resulted from 
the tremendous growth in higher edu- 
cation since 1893 has been the large 
numbers of students seeking a four- 
year engineering education who might 
better be served by a short program 
that prepares men with the practical 
techniques of particular occupations or 
industries. This leads to the urgent 
need, as yet almost totally unmet in 
the United Stales, for Technical In- 
stitutes. It is noted that in Great 
liritain, in the Soviet Union, and in 
])ro-war Germany such a program was 
carried out on a far greater scale than 
anything yet developed here. In the 
U.S.S.R. in 1938 it was reported that 
there were 3,400 technical institutions 
with an enrollment of 700,000 students. 
It is most desirable that the engineer- 
ing colleges take a leading part in the 
development and guidance of this form 
of institution during its rise. Time 
does not permit me to elaborate this 
need further, but it is among the most 
pressing now facing engineering edu- 
cators, and it will continue to receive 
increasing attention. The growth of 
this form of technical instruction is 
one development in the general field 
of engineering education that can be 
predicted with certainty. 

One major function, essential to 
engineering education, has yet been 
unmentioned. Dean Hammond, while 
reviewing the past in engineering edu- 
cation at the time of the 50th anni- 
versary of the founding of the S.P. 
E.E., said, “In engineering research, 
the record of development of the past 
fifty years had not, on the whole, been 
as satisfactory as it has in instruction. 
There has never been accorded to re- 
search in engineering in this country 
anything approaching the support 
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which has been accorded to research 
in agriculture ; nor has engineering 
research in educational institutions ap- 
proached in magnitude or importance 
similar research in industry. Most 
of the research that has been done 
has been confined to a score of insti- 
tutes. This one great phase of the 
work of engineering educational in- 
stitutions which should complement 
other phases, needs greatly to be 
strengthened and supported.” wSpeak- 
ing on the same program, President 
Karl C^mipton of M.T.T. said, “Our 
engineering education has not been as 
productive in developing the research 
side as it has in developing the side of 
the practical application of the most 
conventional arts. ... I don’t know 
how important this research side is 
to the engineer, hut it is very im- 
portant to society that attention be 
given it. If it is not given by the engi- 
neer, it will be given by other groups ; 
it will be given always by scientists.” 

The growth of research in engi- 
neering institutions is essential to the 
further effectiveness and maturity of 
engineering education. The programs 
of research in engineering schools 
must be integrated with the educa- 
tional program and is recommended in 
the report of the committee on Engi- 
neering Education after the War, 
particularly for those students who 
plan to undertake graduate work. 

In reviewing current trends in engi- 
neering education, several other items 
are prominent. I can only quickly 
enumerate them here. One is the in- 
crease in the attention to individuals 
or small groups. Tendencies in this 
direction are noted with increasing 
frequency. There will also be an in- 
crease in part-time graduate work by 
young graduate engineers' who are in 
industry and who attend colleges lo- 


cated in industrial centers. Those 
schools not favorably located in rela- 
tion to industries will match this by 
increasing numbers of industrial fel- 
lowshij)s and research programs closely 
allied with indiustrial problems. 

Turning for a moment to the social- 
humanistic stem, the conclusion seems 
that it should be taught as a parallel 
development with the science and engi- 
neering sequence rather than depart- 
mentalized without relationship to its 
associate studies, or given solely dur- 
ing the earlier and more immature 
years of student study. 

One trend which appears now, being 
greatly accelerated by war research ex- 
])erience and one which I believe will 
be shar[)ly developed, is the lessening 
of sharp administrative divisions that 
departmentalize faculties. There will 
be an increasing interrelationship be- 
tween department faculties where, for 
example, a physics professor will teach 
in electrical and chemical engineering; 
a thermodynamist will cut across de- 
partment lines by teaching in mechani- 
cal and chemical engineering and in 
physics. Many other possible ex- 
amples can be quickly visualized. Such 
a program has l)cen in effect with 
considerable success for many years in 
the organization of Columbia College’s 
course in Contemporary Civilization. 
Recently M.I.T. announced a new 
method of research technique in terms 
of groups wherein men from various 
departments, for example a metal- 
lurgist, a physicist, and a physical- 
chemist from their respective depart- 
ments, join with a group of chemical 
engineers to undertake more effec- 
tively work on research problems. 
Such associations will of necessity be 
loosely formed, dissolving and reform- 
ing new associations as needs arise. I 
feel confident similar groups will de- 
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velop in our teaching methods and 
produce greater teaching effectiveness. 

J.astly, I would say a few words 
concerning recommendations of the 
Planning Uommittee of the Engineer- 
ing School of the North Carolina 
State College. 

Because of economic factors, we do 
not favor the extension of those cur- 
ricula leading to the Bachelor’s degree 
from four to hve years. Four-year 
curricula in basic engineering divi- 
sions leading to the degree of Bachelor 
of Designated Engineering are to be 
retained. 

Thorough training in English com- 
position is to be given. The efficiency 
of this training shall he determined by 
an achievement test given to the stu- 
dent at the end of the junior year. 
Those showing need for additional in- 
struction shall be given this during 
the senior year. 

Emphasis is to be given to funda- 
mental knowledge and total hour re- 
quirements, in terms of quarter hours, 
have been lessened from an average of 
240 to 225 to ])ermit the added time 
required bv this phase of the program. 

Forty-two hours are to be devoted 
to a newly organized social-humanistic 
stem. This will include in the Fresh- 
man year nine hours of Composition 
and a second nine hours devoted to 
studies on the Rise of Western Civili- 
zation. This latter gamut will serve 
as an introduction to the remaining 
twenty-four hours of the stem that are 
to be given in the subsequent three 
years. Parallel development with our 
science-technology stem is insured by 
spacing these hours evenly throughout 
the upper three years. These hours 
shall be devoted to an election of not 
fewer than two nor more that three 
fields chosen from the following: Lit- 
erature, Economics, History and Gov- 


ernment, Ethics and Philosophy, and 
Sociology. Limited individuality in 
course program is permitted through 
eighteen hours of additionaP electives 
in the upper two years. 

Opportunity for advanced study is 
recommended through two types of 
graduate programs, each of one year’s 
length and each leading to a Master’s 
degree. One, leading to the Master of 
Science degree, is developed with a 
strong emphasis on research and is 
offered primarily to those who wish to 
enter this type of life work and who 
may wish to continue through the 
Doctoiate. The second is a Master 
of Specified Engineering program that 
is considered terminal and requires 
less research but gives greater empha- 
sis on course work. This program is 
designed for men wishing to enter 
industry. 

The research activity of the engi- 
neering school is being stimulated 
through the Department of Engineer- 
ing Research, which has been created 
by a reorganization of the former 
Engineering Experiment Station. It 
is the function of the Department to 
assist and encourage faculty members 
with their research interests by offer- 
ing them opportunities of association 
with problems brought to the school by 
outside agencies. These agencies may 
be state or federal government units, 
technical or industrial associations, or 
private companies or individuals. In- 
tegration between research problems 
and student instruction is realized by 
having student participation in these 
problems, either through fellowships 
or by hourly wage agreements. The 
Department also provides assistance to 
those faculty member^ who wish to 
engage in fundamental research for 
which no outside support is available. 
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We appreciate that we have not 
solved all problems. Further, we 
know that some of our decisions, which 
to us appear as successful solutions, 
would not be of equal use to others 
because of differences in situations or 
state needs. Yet we feel that we have 
stepped forward. We look to those 
about us who are engaged in similar 


endeavors and from you we hope to 
learn further and trust that we may, 
in turn, be of some value to those of 
>ou who look to us. We believe we 
are together trying to aid and be aided 
in our unending task of the furtherance 
of engineering education. We have 
confidence in our collective ability to 
meet the challenges of the day. 



Southeastern Section, A.S.E.E. 


The Speed wScicnlific School of the 
University of Louisville w’as host to 
the Southeastern Section of A.S.E.E. 
and the Research Branch of the Sec- 
tion at their thirteenth annual meet- 
ing on April 17-18-19, 1947. Nine- 
teen of the twenty-two colleges in the 
Section and three industrial organiza- 
tions were represented by the ninety 
members attending. 

The meeting of the Research Divi- 
sion was held on April 17. Reports 
from all the colleges m the Section 
showed a surprising increase in re- 
search activities since the research 
branch was begun in 1944. All of the 
colleges reported plans for still further 
iticreases for the coming year. 

Harry Diamond spoke on ‘‘Minia- 
turization of Electronic Circuits.’’ 
Great advances had been made in re- 
search on this ])roject, he said, by the 
miniaturization of electronic tubes and 
by painting the circuit on a plastic 
background. 

The theme of the first meeting of 
the Section on the morning of April 
18 was, Getting Back to Normalcy. 

R. R. Slaymaker described the 
method of limiting enrollment at the 
Case School of Applied Science by the 
use of the Pre-Engineering Inventory 
tests used in combination with special 
tests prepared at the Case School. 
Through the use of these tests, he said, 
the number of failures have been de- 
creased to one per cent. 

James L. McAuliffe of the Uni- 
versity of Tennessee spoke on The 
Influence and Progress of the War 


Veteran on the Campus. His talk 
was based on his experience with the 
veterans on the campus at the Univer- 
sit}^ of Tennessee where he found that 
the veterans, after being on the campus 
for one term, were a highly vocal and 
progressive group and in general had 
a sobering influence on the campus. 
They were more sensitive to oppor- 
tunities, carried on better discussion 
in classes and increased the social ac- 
tivities of the campus on a lower cost 
level. Dr. McAulifTc said that he felt 
that in many ways the veteran was a 
definite contribution to campus life. 
He pointed out, however, that, judging 
from the veterans, the army was a 
poor place for physical development or 
education. 

Tn talking to the section on the sub- 
ject, IModification and Trends in Engi- 
neering Curricula, William G. Van 
Note of N. C. State College gave a 
brief resume of the history of the de- 
velopment of the engineering curricula 
in the United States. The present 
trends he said were as follows: 

( 1 ) Tendency to make the first 
three years of the five curricula uni- 
form. 

(2) An increase of above 20 per 
cent of Social Humanistic items in all 
curricula. 

(3) Building up interest in Engi- 
neering Research which at present is 
not so great as industrial research. 

(4) Tendency towartl greater spe- 
cialization especially in graduate cur- 
ricula. 
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R. D. Span, of the Alabama Poly- 
technic Institute, speaking from his own 
experience on the Values of Humanis- 
tic Social Courses in Engineering Cur- 
ricula, said that something should be 
(lone to get the student out of the deep 
valley of not understanding human 
beings around him. The Humanistic 
courses, he felt, should be planned to 
take hold of the mind of the student 
as a part of his engineering course. 
The courses should be given in the 
early part of his course so they would 
be of advantage to him in dealing with 
other students and the instructors in 
the advanced work. 

The theme of the afterncxm .session 
was, Keeping Pat'c with the Times. 
Tlie ])rincipal speaker for this session 
was Harry Diamond who spoke on 
The Status of Engineering Research 
in Electronics. 

Dr. Diamond pointed out that the 
oversold public, the lack of trained 
personnel and the retarded rate of 
progress in pure science were ])rob- 
lenis beyond tlie control of the research 
engineer. 

Points brouglit out in his paper were 
as follows : 

1. The enijdiasis on engineering re- 
search during the war has advanced 
our knowledge of materials, design 
technique and instrumentation. 

2. There is no lack of fundamental 
principles on which to base engineer- 
ing research. 

3. There is much need for accel- 
erated research to meet the demands 
of society. This can be supplied by 
redoubling our present efforts. 

4. We must rely in a great measure 
on the pure scientist to bridge the gap 
between fundamental knowledge and 
engineering application. 


W. G. Ireson of Virginia Poly- 
technic Institute spoke on The Im- 
provement of Class Room Instruction. 
He believes class room instruction is 
influenced by four factors : the teacher, 
the student, the facilities and the sub- 
ject. A teacher, he said, should be 
selected on the basis of his personality, 
ability to express himself well, and his 
knowledge of the subject to be taught. 
Too often we select tlie teacher who 
has great knowledge of the subject but 
who cannot impart tlie knowledge be- 
cause of a lack of ])ersonality or self 
expression. Too many students, he 
said, are enrolled in engineering 
schools who arc not jiroperly equipped 
to do the work. We must be more 
careful in the selection of our students. 
The use of class room aids not only 
helps the student but saves the teacher 
lime in getting the subject across. 
Finally, he pointed out, that in teach- 
ing any subject it is necessary to cor- 
relate that subject to other subjects 
taken by the student and to the stu- 
dent’s background knowledge . 

Frank G. Slack of Vanderbilt Uni- 
versity, speaking on Atomic Energy 
and the Atomic Age, pointed out that 
there should be a greater interest 
shown by the colleges in tlie work of 
the Atomic Energy Comniis.sion by 
sending representatives of their fac- 
culty to take the courses of study of- 
fered at the Atomic Energy plants. 
Research in Atomic Energy, he said, 
was growing by leaps and bounds and 
that now the new found elements and 
the radio active isotopes were being 
extensively used in many fields of 
science and medicine. 

Henry N. Lyons, Administrative 
Manager of Laboratories for the Devoe 
Reynolds Co. of Louisville, spoke on 
Shortcomings of the Present Graduates 
as Diagnosed by an Industrialist. The 
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recent graduates, he said, have re- 
ceived adequate training in the funda- 
mentals of the engineering course they 
elected in college but they generally 
lack a practical working knowledge of 
inatheiiialics and an appreciation of 
the importance of a knowledge of fun- 
damental business principles. lie con- 
sidered mathematics, especially calculus 
and differential equations, a most valu- 
able tool in the hands of the engineer. 
The colleges, he believes, should do 
something about this mathematical 
shortcoming. In the matter of the lack 
of knowledge of business, he said, 
there is little the engineering college 
can do in a crowded four year cur- 
riculum other than to stimulate interest 
in the subject by short courses. 

W. N. Cox, of (jcorgia School of 
Technology, speaking on Safety l^ngi- 
neering in Engineering Curricula, de- 
.scribed the course as offered at the 
(jeorgia School of Technology and 
stated that he thought there was a need 
and a place for safety engineering 
courses in all engineering curricula and 
especially in those related closely to 
industry. 

A forum on the subject. Teacher 
Shortages, was held at the last session 
on the morning of April 19th with four 
speakers participating, 

R. O. Shots of the University of 
Alabama gave the historical back- 
ground of the causes of teacher short- 
ages. 

I. A. Trively, speaking on Indu.strial 
Opportunities Vs. Those of Teaching, 
pointed out that we could not hope to 
attract the good men from industry 
until we gave them adequate pay and 
adequate facilities with which to work. 


R. E. Shaver, speaking on Effects 
on Staff Morale, said that he believed 
that the quality of man now in the 
engineering colleges would turn in a 
good job in spite of an overload. Since 
this is a temporary condition we should 
be glad to carry on since we now have 
the kind of students we have all been 
wailing for. 

O. W. Stephenson of Tulane Uni- 
versity, si)eaking on Some Avenues of 
Hope, said that the teacher shortage 
had taught us .-several things. One was 
the fact that we needed more laboratory 
equipment so that ^the student could 
do mort' work by himself. 1 n this way 
one teacher could handle more men in 
the laboratory. This could be carried 
into the class room too. With better 
instructional aids one instructor could 
teach more students at one time. 

At the conclusion of this final ses- 
sion a sho'-t business meeting was held, 
ft was decided that the meeting for the 
spring of 1948 would be held in 
Uainesville, Florida, the University of 
Florida as host institution. Appro- 
priate resolutions were passed thank- 
ing the Speed Scientific School for 
their wonderful hospitality. 

The following officers were elected 
for the next year. 

Chairman; Fred J. Lewis of Van- 
derbilt University. 

Vice-Chairman: J. E. Hannum of 
Alabama Polytechnic Institute. 

Member of Council: Leo. Jos. Las- 
salle of Louisiana State Univer- 
sity. 

Secretary : H. Gale Haynes, The 
Citadel. 



Second International Conference on Soil Mechanics 
and Foundation Engineering 


The Second International Confer- 
ence on Soil Mechanics and Foundation 
Engineering will be held in Rotterdam, 
Holland, in June 1948. This meeting, 
sponsored by the Netherlands Govern- 
ment, is a resumption of the series initi- 
ated at Harvard University in 1936 and 
interrupted by the war. The president 
of the Conference is Karl Terzaghi, 
Consulting Engineer and Professor of 
Engineering Practice at Harvard Uni- 
versity. The Conference is being or- 
ganized by J. P. Van Rruggen, Director 
of Public Works, Rotterdam, T. K. 
Huizinga, Director of the Laboratory 
of Soil Mechanics in Delft, and other 
Dutch engineers. The Conference will 
be conducted in the English language. 

In the United States, a National 
Committee on Soil Mechanics, consist- 
ing of thirty-five outstanding foundation 
engineers and soil mechanics experts 
representing professional engineering 
societies and governmental engineering 
organizations, has been formed. Philip 
C. Rutledge, Professor of Civil Engi- 
neering at Nortli western University, is 
chairman of the Committee. Its official 
address is: U. S. National Committee 
on Soil Mechanics, the Technological 
Institute, Northwestern University, 
Evanston, Illinois. To insure adequate 
representation of the United States in 
the technical works of the Conference, 
the National Committee has been di- 
vided into fifteen subcommittees cover- 
ing the major technical subdivisions 
of Soil Mechanics and Foundation 
Engineering. 

Prospective members of the Confer- 
ence and authors of papers are re- 
quested to notify the National Commit- 
tee of their intentions as soon as pos- 
sible. To meet the conditions set up 
by the Dutch organizing committee, au- 


thors of papers to be published in the 
first volume of Proceedings of the Con- 
ference must submit in triplicate to the 
National Committee a title and brief 
(250 word) description of each paper 
prior to September 1, 1947. For this 
volume completed papers must be re- 
ceived by the National Committee by 
December 1, 1947. 

Organized travel for those attending 
the Conference is planned and will be 
arranged by the National Committee. 
C'omplete information on tlie Confer- 
ence can be obtained by writing to the 
U. S. National Committee on Soil 
A I echanics. 

Publication of a new “Directory of 
Afembcr Institutions and Review of 
Current Research” was announced by 
the Engineering College Research 
Council of the A.S.E.E. at the Annual 
Meeting in Minneapolis, where first 
copies of the new bulletin were dis- 
tributed. 

The major publications activity of 
the Research Council last spring, the 
new Directory lists the directors and 
research officers, gives a brief state- 
ment of research policies, personnel, 
and expenditures, and lists research 
projects now active in various divi- 
sions of each member institution. 

An extensive free distribution of the 
Directory has just been completed by 
the Research Council, including a large 
number, of federal and industrial re- 
search laboratories. Libraries of all 
member institutions of the Research 
Council have received copies. While 
the supply lasts, additional copies are 
available at $1.00 each from the Sec- 
retary of the Research Council, John 
I. Mattill, The State University of 
Iowa, Iowa City, Iowa. 



College Notes 


Douglas F. Miner has been appointed 
Director of the Division of Student 
Personnel and Welfare at the Car- 
negie Institute of Technology. In 
accepting his new appointment, Dr. 
Miner has resigned as George West- 
inghouse Professor of Engineering, a 
post which he has held since September 
1938. 

Case Institute of Technology 

( formerly ^ase School of Applied Sci- 
ence). T. Keith Glcnnan, now an 
executive of Ansco Division of General 
Aniline & Film Corporation, Bing- 
hampton, N. Y., and wartime director 
of the U. S. Navy Underwater Sound 
Laboratory, has been appointed presi- 
dent of Case Institute of Technology. 

Mr. Glennan will be the first busi- 
ness executive to head the Cleveland 
engineering school, which has had but 
three presidents since its establishment 
67 years ago as Case School of Applied 
Science and which is adopting its new 
name on July 1st. He succeeds Dr. 
William E. Wickenden * who retires 
on September 1st, after 18 years of 
service. 

The Texas A. & M. Research 
Foundation formally inaugurated 
service of the newest alternating cur- 
rent network calculator laboratory at 
College Station, Texas, on June 27, 
although the first study was actually 
begun on June 2. Leading engineers 
of the several companies who co- 
operated in establishing this laboratory 
were present to inspect the calculator 
and review preliminary plans for their 
respective studies. 

♦Died September 1, 1947. 


Manufactured by the Westinghouse 
Electric Corporation, the Texas A. & 
M. calculator has a total of 18 generat- 
ing units and 344 circuits, and is one 
of the largest ever constructed. It is 
the first to include several unique fea- 
tures such as j)i-circuits to represent 
long transmission lines, and an auxili- 
ary ])otential that may he used as a 
reference voltage on the instruments. 
The calculator is also equipped with 
two master control and instrument 
desks with the circuits so arranged 
that it will be ])ossil)le to study two 
systems simultaneously. The use of 
the second control desk will j)ermit in- 
struction of and research by graduate 
students without interfering with stud- 
ies by utility companies. 

A-c network calculators have, for 
the most part, been used by electric 
utility companies in the study of load 
flows, short circuit analysis, stability 
problems, etc. Since all other physi- 
cal systems, e.g., mechanical and hy- 
draulic, have electrical analogies, the 
use of a network calculator is not lim- 
ited entirely to electrical systems. 
The Texas A. & M. Research Founda- 
tion also plans to add accessory equip- 
ment which will extend use of this cal- 
culator to the study of traveling wave 
transients and other phenomena.f 

t “The Network Calculator Brought Up to 
Date,” H. A. Travers, Westinghouse Engi- 
neer, July, 1944. 

“Today’s Network Calculators Will Plan 
Tomorrow’s Systems,” Dan Braymer, Elec- 
trical World, January 5, 1JJ46. 

“Mechanical Problems Solved Electrically,” 
G. D. McCann & H. E. Criner, Westing- 
house Engineer, March, 1946. 


po 
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The Texas A. & M. network cal- 
culator is installed in Bolton Hall, the 
Electrical Enp^ineering Building, on 
the campus of the Agricultural and 
Mechanical College of Texas. The Re- 
search Foundation is a non-profit cor- 
poration organized so as to use the 
facilities of the College in research that 
will contribute to state and national 
development. The calculator labora- 
tory is under the direct supervision of 
Lewis M. Haiipt, Professor of Elec- 
trical Engineering, with R. D. Cheno- 
wclh assisting. Roth have had previ- 
ous experience on the Westinghouse 


network calculator at East Pittsburgh, 
Pennsylvania. 

The companies who cooperated in 
establishing this laboratory are: Cen- 
tral Power and I.ight Company, Com- 
munity Public Service Company, Dal- 
las Power and TJght Company, El 
Paso Electric Comany, Gulf States 
Utilities Company, Lower Colorado 
River Authority, Southwestern Gas 
and Electric Company, Texas Electric 
Service Company, Texas Power and 
Light Company, West Texas Utilities 
Company, and W'^estinghouse Electric 
Corporation. 


Sections and Branches 


University of Colorado Branch. 

Members of the University of Colorado 
Branch held a meeting in January to 
elect new officers. This was the first 
meeting since the University went on 
a war-time basis. Succeeding W. Otto 
Rirk, as Chairman, and W. S. Nyland, 
as Secretary, are Arthur J. McNair 
and William Brubaker. Professor 
Birk still remains the chairman of the 
Rocky Mountain division, and he is 
arranging a meeting of the Sections in 
Wyoming and Colorado to be held in 
Boulder sometime in April. 

A second meeting of the Colorado 
section was held on March 2, with the 
N.R.O.T.C. officers in charge of the 
program. Captain C. A. Fine gave a 
talk on the history of aviation, illus- 
trated with several movies. 

The 11th annual meeting of the 
Pacific Northwest Section was held 
at the State College of Washington on 
May 9 and 10, 1947. 

Friday afternoon was used for regis- 
tration, inspection of the State College 


of Washington’s laboratories and get- 
ting acquainted. 

At 7 :00 P.M., the annual banquet was 
held in the Home Economics Building. 
After the usual good dinner, W. A. 
Pearl, acting as toastmaster, introduced 
Dean Royal Sloan, who welcomed the 
guests to the State College of Washing- 
ton and to Pullman. Following the 
welcoming, talks were given by E. R. 
Wilcox of the University of Washing- 
ton, and F. W. Candee of the State 
College of Washington on their experi- 
ences at Shrivenham and Biarritz, 
Both had interesting reports of their 
activities at those schools in our first 
effort at “G.I." education. Ending 
the formal program on a lighter vein, 
Scotty Aplchall, a magician of Pullman, 
entertained with a magic act. A long 
period of visiting and getting ac- 
quainted followed. 

The Saturday morning technical 
meeting was called to order by Chair- 
man Candee, who introduced Homer J. 
Dana, who presided over the morning 
session. Due to his efficient handling, 
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the meeting moved at good speed. The 
topic for the first meeting was “Post 
War Engineering Education — Present 
Problems and Future Plans.” Talks 
were given by representatives of each 
school and many interesting and reveal- 
ing points were brought out by each 
speaker. The discussion following 
showed that a great deal of interest 
had been aroused in the audience. 
Talks were given by: 

G. W. Gleeson, Oregon State College. 

B. T. McMinn, University of Wash- 
ington. 

W. W. Tinniswood, University of 
Idaho. 

C. A. Arents, Montana State College, 
S. P. Spielnian, Montana School of 

Mines. 

J. G. McGivern, Gonzaga University. 
S. T. Stephenson, Washington State. 

After a brief intermission, a paper 
was given by W. A. Pearl, recently ap- 
pointed Director of the Institute of 
Technology of Washington State Col- 
lege, on the subject “The Cooperative 
System in Engineering Education,” 
Dr. Pearl spoke from his experiences in 
helping set up such a system at Illinois 
Institute of Technology. Again the 
discussion following showed the in- 
terest of the audience, particularly in 
the possibilities of cooperative systems 
in northwest schools. 

Oregon State College presented an 
invitation to hold the 1948 convention 
at Corvallis, Oregon, and the invitation 
was accepted. Following the usual cus- 
tom, the officers for the coming year 
are all from Oregon State College and 
are: 

Chairman, A, L. Albert, 

Vice Chairman, W. H. Paul, 
Secretary-Treasurer, M. P. Coopey. 

After lunch at the Home Economics 
dining room, the afternoon session 


opened with a report on the 1946 Sur- 
veying Conference by F. W. Welch of 
Washington State College. He told 
of the history of the conferences and 
invited everyone interested to attend 
the 1947 conference to be held at 
Washington State’s Summer Survey- 
ing Camp in the Snoqualmie National 
Forest near Naches. Washington. 

Following Mr. Welch’s report the 
meeting broke up into depaitmental 
meetings for discussion of individual 
department problems. Sessions were 
held for : 

Mechanical Engineering — D. K. Al- 
drich, Chairman. 

Electrical Engineering — O. E. Os- 
burn, Chairman. 

Civil Engineering — L. B. Almy, Chair- 
man. 

General and Administration- -R. D. 
Sloan, Chairman. 

Respectfully submitted, 

L. B. Almy, 
Sccretary-T reasurer 

The annual meeting of the Rocky 
Mountain Section was held at the 
University of Colorado on Saturday, 
May 10 1947. The conference was 
held in the Engineering Administration 
building, with all schools of the section 
represented — University of Wyoming, 
University of Denver, Colorado A. & 
M. College, Colorado School of Mines, 
and the University of Colorado. Over 
one hundred members and guests at- 
tended the sessions. The program, 
which was arranged by Professor 
Arthur J. McNair, chairman of the 
host branch, was as follows : 

10:00 A.M. Morning Session: 

Call to order by Arthur J. McNair, 
Secretary. 

Greeting from Dean C. L. Eckel, 
College of Engineering, Univer- 
sity of Colorado. 
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P3 


A Word of Welcome — Robert L. 
Stearns, President, University of 
Colorado. 

10:30 A.M. “The Aim and Scope of 
a General Economics Course for 
Engineers” by James E. Dugan, 
Assistant Professor of Economics, 
University of Coloiado. 

Discussion. 

11:15 A.M. Dean N. A. Christensen, 
College of Engineering, Colorado 
A. & M. College, Presiding. 

“The Electrical Engineering Cur- 
riculum” by V. O. Long, Associ- 
ate Professor of Electrical Engi- 
neering, University of Wyoming. 

Discussion by Fred II. McClain, 
Professor and Chairman of Elec- 
trical Engineering, University of 
Denver. 

Afternoon Session 

2:30 p.M. Dean R. D. Goodrich, Col- 
lege of Engineering, University of 
Wyoming, Presiding. 

“Laying a Professional Foundation 
in the Freshman Year” by Robert 

L. Lewis, Professor and Head of 
Department, and Robert H. 
Dodds, Associate Professor of 
Civil Engineering, Colorado A. & 

M. College. 

Discussion. 

3:15 p.M. Dean C. M. Knudson, Col- 
lege of Engineering, University 
of Denver, Presiding. 

“The Relation of Laboratory Inves- 
tigational Problems to Field Ap- 
plications” by George W. Le- 
Maire, Assistant Professor of 
Petroleum Refining Engineering, 
Colorado School of Mines. 

Discussion. 

3 :40 p.M. “Chemistry in the Mineral 
Industries” by Robert A. Baxter, 
Associate Professor of Chemistry 


and of Fuel and Gas Engineering, 
Colorado School of Mines. 

Discussion. 

After a noon luncheon meeting, the 
members and their guests made a tour 
of the various laboratories, shops, and 
classrooms, which were open for in- 
spection. The tour was followed by a 
business meeting. As the Section had 
not met since 1942, considerable re- 
organization was required. Professor 
J. T. Strate was elected chairman and 
Professor Robert H. Dodds secretary 
for the year 1947-48. The Section 
gladly accepted the invitation of the 
Colorado A. & M. College to meet at 
Fort Collins next year. 

The following resolution was pre- 
sented and accepted by the Section : 

“Be it resolved: that the Presiding 
Chairman request the members of the 
Rocky Mountain Section, American 
Society for Engineering Education, in 
annual meeting assembled May 10, 
1947, to rise and stand for a moment 
in silent memory of : 

John C. Fitterer (of School of Mines) 
Allan S. McMastcr (of University of 

Colorado) 

whose fellowship and friendly counsel 
in this group we find sorely missing. 
Be it further resolved : that the Secre- 
tary of the Section be instructed to pre- 
pare a notification of this action and 
transmit it to the surviving next-of- 
kin of these gentlemen.” 

In conjunction with the A.S.E.E. 
meetings, the student chapters of the 
American Society of Civil Engineers 
from the foregoing scliools held their 
regional conference, the first since 
1942. Thus an opportunity was given 
for many of the students and faculty 
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to travel to Boulder together and be- 
come better acquainted. At the close 
of the A.S.E.E. conference, members 
of the Civil Engineering faculties of the 


various schools joined the students in 
a beefsteak fry on Flagstaff Mountain. 

Arthur J. McNair, 

Secretary 


Mineral Technology 


Rp:soi.ution 

WiiERFAS, (iod ill TTis infinite wis- 
dom has taken away Thomas Thornton 
Read, former Vinton Professor of Min- 
ing Engineering at Columbia Univer- 
sity, and a faithful and devoted member 
and former officer of the Mineral Engi- 
neering Division of the American So- 
ciety for Engineering Education, and 

Whereas, he was the leading and 
most active exponent of the importance 
of engineering training for the mineral 
industries, as was evidenced not only 
by his effective teaching and personal 
relationships with his students, but 
also by his prolific writings which in- 
cluded : '^Careers in the Mineral In- 
dustries,” *'()ur Mineral Civilization,” 
and ‘The Develojiment of Mineral In- 


dustry Engineering Education in the 
United States,” 

Now W'E, the officers and members 
of the Mineral Engineering Division 
of the American Society for Engineer- 
ing Education, assembled in the an- 
nual meeting of the Division at Minne- 
apolis, Minnesota, 

By these Resolutions, do express our 
sadness at the passing of our distin- 
guished co-worker and beloved friend, 
and 

We direct that a copy of these reso- 
lutions be sent to the bereaved family 
and spread in the Minutes of the 
Division. 

Minneapolis, Minnesota 
June 20, 1947 


MEMBERS ELECTED AT JUNE 1947 MEETING 


Allen, Georle H., Instructor in Graphics, 
Massachusetts Institute of Technology, 
Cambridge, Mass. J. T. Rule, D. P 
Adams. 

Allen, Stuart C., Assistant Professor of 
Engineering Drawing, Champlain College, 
Plattsburgh, N. Y. 

Ames, Alfred C , Assistant Professor of 
English, Illinois Institute of Technology, 
Chicago, 111. J. C. Peebles, W. C. Krath- 
wohl. 

Amrine, Harold T., Assistant Professor of 
Industrial Engineering, Purdue University, 
Lafayette, Ind. 

Anderson, Alvin G., Instructor in Civil 
Engineering, University of Minnesota, Min- 
neapolis, Minn. L. F. Boon, A. S. Cutler, 


Axilll, OiivhR, Instructor in Chemical En- 
gineering, University of Maine, Orono, 
Maine. 

Babcock, Henry A., Instructor in Civil 
Engineering, Colorado School of Mines, 
Golden, Colorado. 

Bachrach, William, Director of Education, 
Chicago Technical College, Chicago, 111. 

Baker, John L., Assistant Professor of 
Mathematics, University of Cincinnati, 
Cincinnati, Ohio. 

Baker, Ollie J., Director, Low-Cost Hous- 
ing Research, Louisiana State University, 
Baton Rouge, La. 

Baza NT, Zdenek, Associate Professor of 
Civil Engineering, Technical University of 
Prague, Prahall, Karlovonam, IF, Czecho- 
slovakia. 
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Bergelin, Olaf P., Associate Professor of 
Chemical Engineering, University of Del- 
aware, Newark, Del. 

Bishop, Myron C., Associate Professor of 
Engineering, Evansville College, Evans- 
ville, Ind. 

Bliesner, Gustov H., Assistant Professor 
of Physical Science, Farragut College and 
Technical Institute, Farragut, Idaho. 

Bodman, Elmer P., Assistant Professor of 
Mechanical Engineering, University of 
Cincinnati, Cincinnati, Ohio. 

Borri, Robert, Instructor in General Engi- 
neering Drawing, University of Illinois, 
Urbana, III. 

Boyd, Gilbert W., Associate Professor of 
Metallurgical Engineering, Michigan Col- 
lege of Mining and Technology, Hough- 
ton, Mich. 

Buell, Arthur W., Instructor in Petroleum 
Production Engineering, Colorado School 
of Mines, Golden, Colo. 

Cannon, Irving, Dean of Pre-Engineering, 
Associated Colleges of Upper New York, 
Champlain College, Plattsburgh, N. Y. 

Carlson, C. I., Acting Chairman, General 
Engineering Drawing, University of Illi- 
nois, Navy Pier, Chicago, 111. 

Carroll, Frank T., Instructor in Mechani- 
cal Engineering, Louisiana State Univer- 
sity, Baton Rouge, La. 

Cassinis, Gino, Directore del Politechiiiro 
di Milano, Milan, Italy. 

Chase, Howard W., Assistant Professor of 
Shop Practices, State College of Wash- 
ington, Pullman, Wash. 

Clark, Andrew G., Head, Dept, of Mathe- 
matics, Colorado A. & M. College, F't. 
Collins, Colo. 

Claybaugh, Howard S., Division Engineer 
in the Drainage Dept., Armco Drainage 
and Metal Prod. Inc., 4345 Lyndalc Ave. 
N., Minneapolis, Minn. B. J. Robertson, 
T. E. Murphy. 

Collins, H. John, Chadwick Professor of 
Civil and Municipal Engineering, Univer- 
sity College, University of London, Gower 
Street, London, England. 

Cramer, Paul, Assistant Professor of Math- 
ematics and Engineering, Monmouth Col- 
lege, Monmouth, 111. 

Cummings, Jerry W., Head, Department 
of Aerodynamics, The Aeronautical Uni- 
versity, Chicago, 111. 

Cunningham, ChArles A., Associate Pro- 
fessor of Mathematics, Youngstown Col- 
lege, Youngstown, Ohio. 


Davis, Royal E., Instructor in Physics, 
University of Detroit, Detroit, Mich. 

Davis, S. J., Dean, Kings College, Strand, 
W. C. 2, London, England. 

Driscoll, George F., Instructor in Civil 
Engineering, University of Notre Dame, 
Notre Dame, Ind. 

Dumke, Walter H., Assistant Professor of 
Chemistry, Colorado School of Mines, 
Golden, Colo. 

Easton, Clarence W., Assistant Professor 
of Pre-Engineering, Champlain College, 
Plattsburg, N. Y. 

Euker, Enlelund, Director, Tekniske Hoj- 
skole of Denmark, Copenhagen, Denmark. 

Evroiles, Marc, Director, Ecole Speciale 
des Travaux Publics du Batiment et de 
ITndustrie, 61 Boulevard St. Germain, 
Paris, France. 

Fa\ e-Hansen, K. M., Rector, Institute of 
Technology, Trundheim, Norway. 

Fenn, Fred H., Professor of Engineering 
Mechanics, Louisiana State University, 
Baton Rouge, La. 

Ferrara, Guii>o, Instructor in Electrical En- 
gineering, University of Detroit, Detroit, 
Mich. 

hTNDLAY, James E., Instructor in General 
Engineering Drawing, University of Illi- 
nois, Navy Pier, Chicago, 111. 

Possum, Guilford O., Assistant ^rofessor 
of Civil Engineering, University of North 
Dakota, Grand Forks, N. D. 

Furglrson, Lynn D., Instructor in Mathe- 
matics, East Central Junior College, Deca- 
tur, Miss. D. M. McCain, H. C. Simrall. 

Gfrster, Jack A., Assistant Professor of 
Chemical Engineering, University of Dela- 
ware, Newark, Del. 

Gilletie, Edward C., Jr., Professor of 
Physics and Chemistry, U. S. Military 
Academy, West Point, N. Y. B. W. 
Bartlett, R. 1. Heindein. 

Gould, Gilbert B., Instructor in Electrical 
Engineering, University of New Hamp- 
shire, Durham, N. H. 

Green, Robert S., Assistant Professor of 
Industrial Engineering, The Ohio State 
University, Columbus, Ohio. C. E. Mac- 
Quigg, P. N. Lehoezky. 

Guess, Robert H., Instructor in Physics, 
Electricity and Radio, Copian-Lincoln Ju- 
nior College, Wesson, Miss. D. M. Mc- 
Cain, A. G. Holmes. 
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Hansen, Howard J., Associate Professor 
of Civil Engineering, University of Florida, 
Gainesville, Fla. 

Harder, Keith C., Head, Science Education, 
Scientific Personnel Division, Office of 
Naval Research, Navy Department, 4213 
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STUDENT OF NUCLEONICS 

The Story oj 
Ken Kesselring 

On January 7, 1946, only a couple of weeks 
after being separated from the Army Ordna 
Department, Ken Kesselring finally beg 
the engineering career he had planned for 
himsel? five years earlier. 

He had hoped to come to work at General 
Electric when he received hft E.E. degree 
from Cornell in 1941. Instead he had gone 
into Ordnance as a second lieutenant. 

There he worked with the Research and 
Development Center at Aberdeen Proving 
Ground, with “Kangaroo" — the group 
formed to introduce new weapons into com- 
bat outfits — and with the Ordnance Technical 
Intelligence Group assigned to study Nazi 
weapons and engineering developments. 

At G.E. he entered the Rotating Engi- 
neering Program — especially set up to give 
the returning veteran a period of familiari- 
zation and general orientation. Upon com- ^ 
pleting his assignments under the program, 

Ken was assigned to the General Electric 
Atomic Power Engineering Project and is 
today a section head and project engineer of 
the Design Group. The objective: the harness- 
ing of atomic energy for power development 
and generation. 

For your copy of “Careers in the Elec- 
trical Industry,” write to Dept. 237 - 6 , 
General Electric Co., Schenectady, N. Y. 


Out of the Army less than two years, Ken Is 
oiready heading up a design group con- 
nected with the G-E Atomic Power Engineer- 
ing Proiect. 



At Cornell, Ken studied power engineering, 
specializing In high-voltage protective equip- 
ment. He graduated first In his class In 1941. 
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Five Outstanding Engineering 


Fundamentals of Engineering Drawing, Revised 

By Warren J. Luzadder 

As in the original edition, this thorough revision emphasizes basic principles, in- 
cludes nearly 1,000 carefully drawn illustrations, and progresses in step-by-step 
explanations — making it an almost self-teaching text. Each step is presented by 
showing someone performing it — lending life and interest to every operation. 
Material has been greatly expanded on Dimensioning, Screw Threads and Fas- 
teners, and Freehand Drafting. A new chapter has been written on Ink Work and 
Tracing, and many new problems have been added. 

Descriptive Geometry 

By Earle F, Watts and John T. Rule 

Emphasizing graphics as an analytical tool, and developing the student's ability 
to solve problems graphically, is the dual purpose of this well-planned volume. 
Beginning with Orthographic Projection, the material is presented in an orderly, 
precise manner right through to Practical Applications, covering the Systematic 
Solution of Problems, Graphical Computation, Polyhedrons, Curved Surfaces, etc. 
Numerous teaching aids, illustrations, tables, problems. Entire chapter on stereo- 
scopic drawing. 

Elementary Applied Aerodynamics 

By Paul E. Hemke 

This practical text is sufficiently advanced to interest the student starting an in- 
tense study of aerodynamics — yet it does not require too much knowledge of ad- 
vanced mathematics and mechanics. The author includes material never published 
before on lift of rotors, elementary performance of helicopters, and on the calcu- 
lation of thrust horsepower available in performance of aircraft. All fundamentals, 
throughout the text, are applied to the performance of the conventional airplane. 

Send for your approval copies 

PRENTICE-HALL, Inc. 
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Texts from PRENTICE-HALL 


Two of the P-H ELECTRICAL ENGINEERING SERIES 
Edited by W. L EVERITT, University of Illinois 

Circuit Analysis by Laboratory Methods 

By Carl E. Skroder and M. Stanley Helm 

So much exporimenLal maLorial is condensod into this one volume that reference 
to outside material is unnecessary. The wide selection of laboratory circuit prob- 
lems includes comprehensive discussions of the related circuit theory and laws, the 
theory and limitations of instruments used in measurements, and the methods of 
making measurements in circuits. Note these other features: 

# Extensive treatment of reactive volt-amperes. 

# Entire chapter devoted to the planning of a test. 

# Entire chapter devoted to KirchhofPs Laws. 

# Lucid, step-by-step explanations make it easy to teach. 

This is ihe only book on the market devoted entirely to the study of electrical 
circuits. 

Fundamentals of Electrical Engineering 

By Fred H. Pumpbrey 

This definitive new work treats basic theory and fundamentals, and applies them 
to the various fields of engineering. The chemical engineer, for example, will find 
here a study of the electrical instruments he uses, the metallurgical engineer a 
discussion of electric furnaces and mill motors, the architectural engineer a treat- 
ment of electrical building equipment, and so on through all branches of engineer- 
ing. Mere are some of the highlights of this important text: 

# Clear presentation of physical concepts. 

# Abundance of problems, of illustrations and diagrams. 

# Motor application studied from the point of view of load to be carcied. 

# Material chosen for appeal to non-electrical engineering students. 

Send for your approval copies 

70 Fifth Avenue New York 1 1, N. Y. 






It is part of the wing surface . • . an area so microscopic that 31,700 
spots like this woula bareJjr cover a pinhead. 

You are looking at aluminum through an electron microscope, the 
way Alcoa Research scientists look at aluminum alloys in our labora- 
tories. They get down to aluminum’s really fine points . . . explore 
among the atoms. 

Studying structures like this is one of the ways Alcoa metallurgists 
learn how to improve aluminum alloys and how to make new ones. 
By scientific experimentation they combine with aluminum the right 
amounts of the right metals to produce the results they want . . . 
alloys as strong or stronger than structural steel, at one-third the 
weight . . . alloys that make better castings, forgings, extrusions . . . 
alloys for innumerable uses. 

You w^ouldn’t hear half, not even a hundredth as much about alumi- 
num today if it weren’t for these alloys that Alcoa Research has pro- 
duced. Aluminum’s great and growing usefulness springs directly from 
their development. Nature made aluminum light. Alcoa has made it 
strong and versatile and low in cost. 

Aluminum Company of America. Gulf Bldg., Pittsburgh 19, Pa. 

MORI p«opi« want MORI alMminum for MORI utos than ovor 


ALCOA 


riRST IN ALUMINUM 
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PUmcut Boakl an MaiefUaU . . . 

Here is an authoritative group of books on essential materials 
written from the engineering viewpoint for the non-specialist. 

Heai-Treatment of Steel Gregory Simons 

A well -integrated study of the principles and processes of heat- 
treatment and their application to every type of steel produc- 
tion. Special attention given to temperature measurement and 
control, pyrometers and thermo-couples of various types, gas, 
electric, and oil-fired furnaces, refractories and equipment. 
Numerous photographs and charts. 

358 Pages Just Published $4.00 

Controlled Atmospheres in Heat-Treatment Dunkley 

Discusses the latest methods and techniques in producing the 
various atmospheres suitable to the different metals, and ex- 
plains the elementary theory of the gas-metal reactions which 
occur. A practical book filled with numerous helpful tables, 
graphs, and diagrapis. 

Ready October, 1947 About $1.75 

Aluminum Cr Its Alloys Budgen 

Provides an outline of the various branches of metallurgical 
work 1 elated to and comprising the aluminum industry. Dis- 
cusses the properties, processes, and methods employed in the 
manufacture of aluminum and its alloys, and their application 
to modern engineering. 

363 Pages Ready January, 1948 $4.00 

Magnesiums Its Production 6* Use Pennell 

An introductory but thorough survey of essential data on this 
increasingly important light metal. Discusses chemical and 
physical properties, various sources of supply in this country 
and abroad, and industrial applications of numerous alloys. 

137 Pages $4.00 

Ceramic Whitewares Newcomb 

Covers the details of producing all t 3 rpes of ceramic articles 

known as ‘‘whitewares.” Treats their most general uses both, 
in consumer goods and in industrial applications, where ceram- 
ics are considered engineering materials. 

313 Pages $5.00 

^044 i m nd oacamlHaiiaM, cofUmd. 


2 West 45th St.. 
New York 19, N. Y. 


Firm nn 


PUBLISHING 
COR PORATION 
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ELEMENTARY ENGINEERING 
MECHANICS 

Charles O. Harris University of Notre Dame • 

445 PAGES $ 5.00 

This book presents a thorough treatment of the principles commonly in- 
cluded in courses in Statics and Dynamics. I'he aim throughout is to pro- 
vide for a basic course in Engine..*ring Mechanics rather than a course closely 
related to one particular branch of engineering. However, problems are taken 
from many fields of engineering with the intention of stimulating interest and 
giving the student an idea of the scope of the principles covered. 

Emphasis is placed on general methods rather than special cases, so that the 
student may gain a clearer understanding of the general principles of Me- 
chanics and develop greater power and reliability in applying them. More 
than usual attention is given to the free-body diagram. 

Statics is applied first to problems of a single rigid body and then to systems 
of connected bodies. It is in the latter case that the full value of the free- 
body diagram is made apparent and, also, valuable practiceTs gained. A 
similar procedure is followed in Kinematics and Kinetics. 


COMMENTS BY REVIEWERS 

". . . In my opinion the strongest feature 
in the manuscript is a great number of care- 
fully worked out illiistiative examples. . . 
The author seems to be at his very best when 
he is presenting the meat of a subject. . . . 
The discussion of a force system is among 
the best I have ever seen. The author di- 
vides the subject of forces in general into 
the discussion, first, of resultant and, second, 
of equilibrium. I* is a very logical and con- 
venient arrangement. ...” 

“. . . Dr. Hail is brought to his task .i wealth 
of teaching experience and a great deal ol 
enthusiasm for the subject. 1 am tully in 
accord with his objective to place mote em- 
phasis on basic principles and on the under- 
standing of general methods ratiier than on 
the treatment of special cases. In particu- 
lar, I find the adoption of an integrated ap- 
proach to statics in three- space a very de- 
sirable departure from the traditional piece- 
meal development. I am also impressed 
with the abundance of new prt)blems which 
are illustrative of basic principles ol the sub- 
ject and at the same time possess definite 
engineering significance. ..." 

“ ... In my opinion the greatest asset of the 
book is the great wealth of rather good prob- 
lems, and the carefully selected illustrative 
examples worked out by the author. ... It 
is of particular interest to me to note the au- 
thor’s arrangement of treating areas, cen- 
troid. moments of inertia, center of gravity, 
and as he calls it. solid moment of inertia. 
... I believe this book is among the best I 
have ever reviewed. " . , 


l ABLE OF FONT EN TS 

I. Introduction. 

II. Resultant of a Foice System 

A. Force System m a Plane. 

B. Force Systmn in Space 

III. Equilibrium. 

A. Basic Theory and Practice. 

B. Simple Trusses. 

C. Flexible Cables. 

D. Friction between Dry Surfaces. 

IV. Properties of Areas and Bodies. 

A. Centroid and Center of Giuvity. 

B. Moment of Inertia of Area 

C. Moment of Inertia of a Body. 

V. Plane Kinematics 

A. Kinem.it ICS of a Paiticle. Car- 

tesian Coordinates. 

B. Kinematics of a Particle. Polar 
Coordinates. 

C. Kinematics of a Rigid Body. 

VI. Plane Kinetics. 

VII. Work and Eneigy. 

VIII. Impulse, Momentum and Impact. 



IRWIN-FARNHAM PUBLISHING CO. 

332 South Michigan Ave. Chicago 4, Illinois 



A worthwhile future 
for young engineers 


T H£ Buda Company has long 
used arc welding as an econom- 
ical and weight-reducing method in 
the fabrication and assembly of in- 
dustrial shop truck frames and chas- 
sis, railroad tool parts, sheet metal 
engine housings and many other 
products. Arc welding’s flexibility 
and durability has aided the develop- 
ment of many new Buda products. 
The airplane refueler illustrated would have been im- 
practical except for welding. 



Arc welding is a modern production method that offers a 
worthwhile future to young, carefully trained engineers. 



Published through the courtesy of The Lincoln Electric Company, Cleveland 1, Ohio 
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PRACTICAL 

DESCRIPTIVE GEOMETRY 


S. E. Rusinoff 

Associate Professor of Mechanical Engineering 
Illinois Institute of Technology 

Practicality and Simplicity are the keynotes of this book. It 
goes beyond tlie usual book in that it deals with practical appli- 
cations of the principles of descriptive geometry to problems 
encountered day in and day out in the shop, drafting room, 
and in general engineering work. Even the most difficult 
principles and procedures are developed in such a logical, step- 
by-step manner that all mystery and confusion arc eliminated. 
Its attitude is that of industry; its standards those of the draft- 
ing room and engineering shop; its objective, the attainment 
of a skill and the ability to apply that skill to a wide variety of 
problems in industry. 

259 pp List price $3.50 

OtUe^t, timely . . . 

MECHANISM METALI.URGY 

Stanton E. Winston^ M.K.., Assoriuir tlarl G. Johnson, Associate Professor of 

Professor of Mechanical Kngineerinq, Mechanical Enqincerinq, Worcester 

Illinois Institute of Technology, Polytechnic Institute. Consulting En- 

gineer. 

nie r Uiidaniflutul tlieory of the mo.Iili, a. practical survey tort for iioumetalliirBi- 

lioa aod transmissioa of motion presented students. Presents the fundamentals 

simply and cl^rly. tmphasis is placed ^ ferrous and nonferrous motaUurw. and 
on the Braphical method of analysis of physical proiierties of melds and 

relative motion of the elements of a ^ relatid to structure, treatment, 

inechanisin. rrue$3.7ij «nfl Riiii.nhilit.v i.o viirinnKuaftM. Prif.** fin 


MACHINE DESIGN 

Stanton E. V\ inston, M.E., Associate 
Professor of Mechanical Engineering, 
Illinois Institute of Technttlogy. 

By the some author, this compauion book 
to MKCHANISIVl presenla the fiiiidu- 
mentaU of theory analysis which are basic 
to the Hold of machine design. Replete 
with examples and problems typical of a 
wide variety of Helds, this book enables 
one to obtain a clear understanding of 
this interesting and fascinating subject. 
Price S3.50 


METALI.URGY 

Carl G. Johnson, Associate Professor of 
Mechanical Engineering, Worcester 
Polytechnic Institute. Consulting En- 
gineer. 

A practical survey text for nonmetallurgi- 
cal students. Presents the fundamentals 
of ferrous and nonferrous motallur^, and 
the phyBir.al pro|)erties of melaJs and 
alloys us related to structure, treatment, 
and suitability to various uses. Price S5 (K) 

MACHINE TOOL GUIDE 

Tom C. Plumridgc, American Technical 
Solely, Roy W. Boyd, Jr., Tool En- 
gineer, Foote Bros. Gear and Machine 
Corp., James McKinney, Jr., Toot En- 
gineer, Foote Bros. Gear and Machine 
Corp. 

An exceDent reference work for the tool 
engineering Held covering specifications 
and drawings of a large number of ma- 
chine tools. Over 750 largo-size pages of 
technical information and engineering 
data organized in a convenient form for 
quick reference. Price $8.00 


SEND FOR YOUR APPROVAL COPIES 

American Technical Society 


Engineering Department 


Drexel Avenue at 56ih Street 


Chicago 37. Illinois 
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A COMPLETE 


PRINTING 

SERVICE . . . 

Good printing does not 
just'happen; it is the result of careful planning. 
The knowledge of our craftsmen, who for 
many years have been handling details of 
composition, printing and binding, is at your 
disposal. For over sixty years we have been 
printers of scientific and technical journals, 
books, theses, dissertations and works in foreign 
languages. Consult us about your next job. 

PRINTERS OF THE 
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LANCASTER PRESS, Inc. 
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Technical Drawing Problems 

Revised Edition By GIESECKE, MITCHELL dc SPENCER 

The revised edition of the workbook features the increased 
emphasis on practical drafting room problems with more 
problems of the advanced type. There are now 105 sheets, 
many revised and reflrawn, and all are printed on good 
quality drawing paper. This new edition is in conformity 
with the “American Standard Drawings and Drafting 
Room Practice— 1946.“ $2.75 

Applied Thermodynamics 

Revised Edition By VIRGIL M. FAIRES 

The new edition of this widely used text for year courses 
in thermodynamics has been carefully and thoroughly re- 
vised to cover all modern developments in the field. A 
discussion of the internal combustion turbine has been 
added to the book, the treatment of heat transfer has been 
revised and refined, and special attention has been given 
to entropy and the second law of thermodynamics. $4.75 

Fundamental Electronics 
and Vacuum Tubes 

Revised Edition By ARTHUR L. ALBERT 

This text provides a sound foundation in electronic theory 
and its principal applications in both the communications 
and power fields. The revised edition incorporates the 
important developments of the last five years, and follows 
the latest standards of the American Institute of Electrical 
Engineers and the Institute of Radio Engineers. To be 
published hi the early jalL $5.00 (probable) 

The Macmillan Company • New York 11 
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SOIL MECHANICS. New 2nd edition 

By D, P. Krynine, Yale University. 529 pages^ $5.50 • 

e Deals with the principles used in the design, construction, and 
maintenance of foundations of structures, and of structures 
themselves, made of earth materials. The text has been brought 
completely up to date. 


TECHNICAL AERODYNAMICS. New 2nd edition 

By K. D. Wood, University of Colorado. 492 pages, $5.50 

e Planned to enable the reader to make performance, stability, 
and design calcuLitions on airplanes. The many illustrative 
examples are a feature. Technical content, illustrations, and 
problems are nearly 100% new. 


DIRECT-CURRENT MACHINERY 

By G. C. Blalock, Purdue University. 383 pages, $3.75 

• A concise but balanced picture of basic and specialized d-c ma- 
chines and their controls. Free use has been made of practical 
illustrative examples, problems, and illustrations, in order to 
give the student a real conception of the practical significance of 
the theory studied. 


THEORY AND APPLICATION OF MICROWAVES 

By A. B. Bronwell and R. E. Beam, Northwestern University. 
Radio Communication Series. 472 pages, $6.00 

• Presents the underlying theory of microwave communication 
systems, together with descriptions of modern microwave equip- 
ment. Throughout, emphasis has been placed upon a clear 
exposition of basic concepts as well as the application of the 
theory to typical engineering problems. 


CHEMICAL ENGINEERING FUNDAMENTALS 

By C. G. Kirkbride, Agricultural and Mechanical College of Texas. 
Chemical Engineering Series. 442 pages, $5.00 

• An introductory textbook for the beginning student, representing 
a new approach to the subject in that it seeks to give tne student 
a grasp of the underlying philosophy of chemical engineering. 
The integration of technical and nontechnical principles makes the 
book outstanding. 



PRINCIPLES AND PRACTICE OF ELECTRICAL 
ENGINEERING. N«w 6(h •dition 

By the late Alexander Gray, Cornell University. Revised by G. 
A, Wallace, McGill University. 567 pages, $4.50 

• Emphasizes fundamental principles. New topics include the 
amplidyne, ignitron, fluorescent lamps, tetrodes, push-pull ampli- 
fiers, electronic timer, and stroboscope. The book is intended 
primarily for engineering students, but who require a good work- 
ing knowledge of the subject. 

THERMODYNAMICS. New 2nd edition 

By L. C. LicHy, Yale University. 372 pages, $4.50 

• Groups the subject matter according to method of analysis rather 
than according to media and mechanical equipment, in order to 
develop the student's analytical ability. The book has been 
almost entirely rewritten to simplify, improve, and extend the 
understanding of thermodynamics and its application to engi- 
neering processes. 

TEXTBOOK OF THE MATERIALS OF 
ENGINEERING. New 7th edition 

By II. F. Moore, University of Illinois. 496 pages, $5.00 

• Gives a concise account of the physu:al properties of the common 
materials used in structures and machines, together with brief 
descriptions of their manufacture and fabrication. Material has 
been added on plastics, synthetic rubber, and testing machines 
and methods. 

CONSTRUCTION ESTIMATES AND COSTS. 

New 2nd edition 

By II. E. Pulver, University of Wisconsin. 058 pages, $0.00 

• A practical manual for all concerned with accurate construction 
cost estimates and quickest, easiest methods of securing them. 
Information regarding wages and prices has been revised in 
accord with present trends. More than half of the diagrams 
have been redrawn, 

ELECTRONIC CIRCUITS AND TUBES 

By Members of the War Training Staff, Cruft Laboratory, Harvard 
University. 954 pages, $7.50 

O A companion volume to Transmission Lines, Antennas, and Wave 
Guides. The present book discusses the basic theoir of electronic 
tubes and electric circuit^ employed in conjunction with elec- 
tronic tubes. 

Send for copies on approval 

McGRAW-HILL BOOK COMPANY, Inc. 

330 42nd N«w York 18, N. Y. 
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New Wiley books — new editions 


ELEMENTARY NUCLEAR 
THEORY, A SHORT COURSE IN 
SELECTED TOPICS, by H. A. 
Bethe. 

Emphasizes the problem of nuclear 
forces — the central problem of nu- 
clear physics The material is treated 
from the empirical point of view and 
in terms of the behavior of the sim- 
plest nuclear systems. 

September 147 pages $2 50 

NON-FERROUS PRODUCTION 
METALLURGY, by J. L. Bray. 

Presents the same f^eneral plan as the 
first etlition, but features recent de- 
velopments : much additional mate- 
rial on aluminum, copper, maRncsium, 
nickel and tin ; the solution of prac- 
tical problems . and ajiplications of 
physical chemistry to metallurgical 
processes 

Second Edition, September 
5H7 pages $6 00 

FUNDAMENTALS OF ELECTRIC- 
ITY AND MAGNETISM, by L. B. 
Loab. 

'rhis edition presents magnetic phe- 
nomena, followed by the electromag- 
netic definition of current and poten- 
tial. The gaussian system of units 
is used consistently throughout. Some 
historical material has been deleted to 
allow for important new information 
Third Edition, September 
069 pages $6 00 

ARCHITECTURAL CONSTRUC- 
TION, by Th«odere Cran«. 

Aids the designer in choosing the 
appropriate structural system and sec- 
ondary structural elements on the ba- 
sis of geographical location, site con- 
ditions, type of occupancy, equipment 
and architectural de.sign. 

October 414 pages $6.00 


MAGNETIC CONTROL OF IN- 
DUSTRIAL MOTORS, by G. W. 
Httumann. * 

Explains the performance of motors, 
characteristics of control devices, and 
the function of commonly used con- 
trol cir<?uits Emphasizes considera- 
tions governing the selection of c(m- 
trollers for specific jobs. 

Xor'cmber 589 pages $7.50 

DATA BOOK FOR CIVIL ENGI- 
NEERS, Vol. Ill, FIELD PRACTICE, 
by E. E. Seelye. 

The third \olume is ilirected to the 
field engineer or inspector, and fur- 
nishes him with data on all asjiects of 
his work. The material is divided 
into two sections —Inspection and Siir- 
\ eying 

N oz^emher A pprornnately .U)5 page.s 

Probable price $6 00 

POWER SYSTEM STABILITY, Vol. 
I, by E. W. Kimbaric. 

The first of three volumes, this book 
stresses tiansient stability rather than 
steady-state stability. Includes ele- 
ments of the stability problem and 
simple methods of calculation ; under- 
lying theory for mfire accurate calcu- 
lation ; means of improving system 
stability, including circuit breakers 
and protectiv'e relays 
February Approximately 556 pages 
Probable price $7 00 

HEAT, by A. G. Worthing and 
David Halliday. 

Offers a clear and thorough study of 
heat, written with emphasis on the 
experimental rather than the theoreti- 
cal viewpoint. Terms, symbols, and 
units have been carefully selected and 
definitions precisely phrased and con- 
.sistently used. 

December Approximately 610 pages 
Probable price $6.00 


Other WILEY books on page 7 


JOHN WILEY & SONS, INC., 440 Fourth Ave., New Yoch 16, N. Y. 
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New Wiley books — new editions 


WIND TUNNEL TESTING, by Alan 
Pope. 

An integrated work which covers de- 
sign of wind tunnels, testing proce- 
dures, and corrections to be applied 
to wind tunnel data. 

September 319 patjes ^5.00 

INDUSTRIAL MANAGEMENT, by 
W. R. Spriegel and tha late R. H. 
Lansburgh; revised by W. R. 
Spriegel. 

'This edition discusses the principles, 
1)1 oldeins, ideals and successful meth- 
ods «)f organization, and olTera new 
material on maintenance anti more 
lli.in 125 new illustration >• 

Fourth Edition, September 
65 f) pages $5 00 

ELECTRIC MOTOR MAINTE- 
NANCE, by W. W. McCullough. 

Intended to help inspectors, mechan- 
ics, electricians and engineers take 
belter care of the motors foi which 
tliey are i csixmsiblc. Some funda- 
mental tirinciples of electric motors 
are rcvicw’cd and ceitain landmarks 
in the development of component parts 
of the motor are pointed out. The 
material is arranged to give definite 
and .significant information on each 
j)hase of electrical motor maintenance. 
October 126 pages $2.00 

RAILROAD ENGINEERING, by the 
late W. G. Raymond, H. E. Riggs, 
and W. C. Sadler. 

The new edition of this “classic” has 
been completely revised in the light of 
technical developments and the estab- 
lishment of new regulations. The 
practical approach of the previous edi- 
tions is retained. 

Sixth Edition, Oetober 
442 pages $5.00 


INDUSTRIAL HEALTH ENGI- 
NEERING, by A. D. Brandt. 

A concise and practical treatment of 
the science of maintaining the work- 
er's environment in a condition con- 
ducive to good health by keeping 
all harmful environmental exposures 
away frt)ni him 


November 


395 pages 


FLIGHT ENGINEERING AND 
CRUISE CONTROL, by H. G. Mea. 

Pilot-engineer Moe packs vital tech- 
nical material into tJiis easily-read 
book for airmen Covers air speed, 
power, altimeters, propellers and pro- 
peller efficiency, cruising techniques, 
flight planning, etc Many charts and 
illiistratif>ns. 


November 


210 pages 


NOMOGRAPHY, by A. S. Levent. 

\ thorough study of the fundamentals 
of graphical methods which shows 
how alignment charts can help techni- 
cal men in many fields to eliminate 
tedious mathematical computations. 

Pi’cemher ApproA'imately 161 pages 
Probable price $3 00 

THEORY OF LIMIT DESIGN, by 
J. A. Van dan Droek. 

A clear dissertation on the fundamen- 
tal principles that constitute a basis 
for the theory of limit design. Em- 
phasizes ductile stress distribution in- 
stead of elastic stress distribution. 

December Approximately 118 pages 
Probable price $3.00 


Other WJLEY books on page 6 


JOHN WILEY & SONS, INC., 440 Fourth Avu., Ntw York 10, N. Y. 
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Elementary 

Mechanical Vibrations 

(Ready in January) 

By Austin H. Church, Chairman, Department of 
Mechanical Engineering, New York University 


About 230 Pages 


Illustrated 


About $3.50 


This carefully organized book for undergraduate and gradu- 
ate engineering courses covers the basic principles required 
for the solution and understanding of the majority of vibra- 
tion problems. It will be ready in time for second-term 
courses and constitutes an excellent text for use in conjunc- 
tion with advanced courses in machine design or mechanics. 

The author avoids the use of advanced mathematics and 
stresses a physical explanation of the phenomena in most 
cases. Assuming the student has had standard courses in 
dynamics and calculus, this text provides a clear, coordina- 
ted, and concise presentation of the subject, and simplifies 
the application of principles and fundamentals to practical 
problems. 

In addition to the basic material needed for the solution of 
vibration problems, it contains a thorough study of the var- 
ious types of balancing and their importance. There are 
numerous diagrams and examples, and problems with ans- 
wers at the end of each chapter enable the student to test 
constantly his understanding of the subject matter. No 
complementary material or supplementary texts are required. 

om ia om cofuy 


2 West 45th St., 
New York 19, N. Y. 


Firm nn 


PUBLISHING 

CORPORATION 
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A. B. Bronwell, Secretary 



On October 1, 1947, the office of secretary of the A.S E.E was moved to Northwestern 
University where Professor Arthur Bronwell assumed the post of secretary formerly held 
by Dr. F. L. Bishop. Professor Bronwell has been on the faculty of Northwestern Univer- 
sity since 1937, where he holds the rank of Professor of Electrical Engineering. A product 
of the Illinois Institute of Technology, he received the B.S degree in 1933 and M.S. degree 
in 1936. Additional graduate work in engineering was taken at the University of Michigan 
and he recently received an M.B.A degree for work in business administration taken at 
Northwestern University. His engineering career started in 1930 when he was employed as 
an operator in substations of the Commonwealth Edison Company, working nights while 
attending school days. After graduation, he spent two years on a program of re-evaluation 
of the fixed capital assets of the Commonwealth Edison Company He was then appointed 
to the faculty of Northwestern University. During the summer of 1941, Professor Bronwell 
was employed as a special project engineer by the Bell Telephone Laboratories. At the out- 
bre^ of the war, he organ^ed and supervised an Army Signal Corps school at Northwestern 
University for the training of radio and radar engineers. From 1943 to 1945, he supervised 
a radar research project at Northwestern University in co<^eration with the M.I.T. Radia- 
^on Laboratory and Galvin Manufacturing Company. He has served as consultant to 
Galvin Manufacturing Company, DuMont Company, and others. He is author (with R. E. 
Beam) of a text on ‘Theory and Application of Microwaves” and numerous technical papers 
at Northwestern University he was chairman of a Committee on Faculty Salaries. 

A o £**£^^**0** Bronwell served as Chairman of the Electrical Engineering Division of the 
A.S.E.E. and member of the General Council in 1946-47. He also served on an A.S.E.E. 
^mmittee f^ the preraration of a teaching manual. He is a member of the American 
Inrtitute of mectrical ^gineers, Institute of Radio Engineers, Sigma Xi, Eta Kappa Nu, 
and IS President of the National Electronics Conference for 1947. 



Minutes of the 55th Annual Meeting, A.jS.E.R 


The S5th annual meeting of The 
American Society for Engineering 
Education was held at the University 
of Minnesota, June 18-23, 1947. Ovei 
1,300 members and guests were reg- 
istered. Four general .sessions and 
twenty-six conferences were held. 
Huber O. Croft, Professor and Head, 
Department of Mechanical Engineer- 
ing, The Slate University of Iowa, 
President of the Society, presided. 

The first general session was opened 
by Vice President E. B. Norris who 
introduced Dean S. C. Lind of the 
University of Minnesota who wel- 
comed the Society to the city and also 
presented a gavel to the President. 
President Croft delivered the presi- 
dential address. Education for an 
Atomic Age. T. C. R. Fox, Professor 
of Chemical Engineering at Cambridge 
University, England, spoke of the new 
plan which is being put into operation 
there. Brig. General John M. Devine 
told of the University Military Train- 
ing Experimental Unit at Fort Knox: 
M. M. Boring presented the report of 
the Committee on Manpower ; and 
W. N. Jones presented the report of 
the Committee on Undergraduate 
Curricula. 

The second general .session was pre- 
sided over by J. R. Killian, Jr., Presi- 
dent of the Administrative Council. 
The following program was presented : 
International Relations of Engineering 
Education by N. J. Padelford; report 
of the Committee on Transfer of Stu- 
dents from Emergency Colleges by 
H. P. Hammond, Chairman; and the 
report of the Committee on Salary 


Survey of Engineering Schools by D. 
C. Jackson, Cdiairman. 

The Thursday evening program was 
devoted to a meeting with our inter- 
national visitors. Addresses were de- 
livered by President Croft ; Miroslav 
Jiranek, University of Praha, Czecho- 
slovakia ; D. N. Kowshick, Department 
of lulucation, India; Rodrigo Flores, 
University of Chile; A. E. Flynn, 
University of Nova Scotia; J. S. 
Thompson and L. G. Straub who had 
visited foreign countries recently. 

The third general session was 
opened by Vice President C. J. Freund 
who introduced the Chairman of the 
Divi.sion on Humanistic-Social Stud- 
ies, E. S. Burdell. The following 
papers were presented: What Every 
Engineer Should Know by W. B. 
Embler; May the Teacher of Litera- 
ture Help? by A. M. Buchan; Ameri- 
can Destiny and Engineering Motiva- 
tion by A. E. Avey. 

The annual dinner was held Friday 
evening with President Croft presid- 
ing. Addresses were delivered by S. 

Lind, Dean of Engineering at the 
University of Minnesota, and L. M. 
(luuld, ITesident of Carlcton College. 
The Lammc medal was given to War- 
ren K. Lewis, Yale University, and the 
George Westinghouse Award to B. R. 
Teare, Carnegie Institute of Tech-' 
nology. The Nominating Committee 
reported the following for officers. 
Upon motion they were duly elected: 

For President for one year: Charles 
E. MacQuigg, The^Ohio State Uni- 
versity. 

For Vice President for two years: 
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B. J. Robertson, University of Min- 
nesotct (responsible for general and 
regional activities). 

C. J. Freund, University of Detroit 
continues in office as Vice President 
f(3r one year. 

For Treasurer for one year: Janies 
S. Thompson, McGraw-Hill Book Co. 

Previous to this, the Administrative 
Council had elected S. S. Steinberg, 
University of Maryland, President for 
two years. F. M. Dawson, State Uni- 
versity of Iowa, continues in office as 
President of the Research Council for 
one year. 

REPORT OF TtlE COMMITTEE 
ON TUK SECRETARIAT 

By W. E. WICKENDEN, Cnairman 

It is related that one of our lesser 
colleges invited that august figure, 
Dean Briggs of Harvard, to give a 
graduation address. Being gratified 
by his acceptance, they decided to re- 
furbish the college chapel and revarn- 
ish the seats and the pulpit furniture. 
This was in the days before the drying 
power of infra red light was fully un- 
derstood. Unfortunately, hot and 
muggy weather led to reluctant drying 
on the jiart of the varnished furniture, 
so when the speaker of the graduation 
exercises was announced, there was a 
sinister sound of peeling and ripping 
as his academic costume came loose 
from the chair, but the dean arose and 
met the situation with perfect self-pos- 
session and aplomb, saying, “Ladies 
and Gentlemen, it had been my inten- 
tion to bring you a plain, unvarnished 
tale.’^ 

If the first part of my remarks is to 
be a plain and unvarnished tale, I shall 
make it a short tale. It is regrettable 
that it is an unfinished tale. 


We are faced with a crisis due to 
the retirement from the secretaryship 
of Dr. Bishop. President Croft, on 
coming into office, appointed a com- 
mittee consisting of Dean Dawson, 
President Doherty, Dean Freund, 
President Ileald, and the speaker as 
Chairman to give its best considera- 
tion of this problem. We began by 
preparing a job analysis of the sec- 
retaryship on the modern tripartite 
basis of organization and we supple- 
mented this by certain conclusions, 
h'irst, it would be a great advantage 
and a substantial economy to the So- 
ciety to continue its association with 
one of our centrally located engineering 
schools. Secondly, that the location 
should be conveniently accessible by 
rail, air and motor to as large a pro- 
portion of our membership as pos- 
sible. It should be in an urban and 
university center, affording adequate 
accommodations for group meetings 
and conferences of substantial size. 
Thirdly, both the administrative load 
within the Society and the rapidly 
growing load of liaison relationships 
with professional, industrial, educa- 
tional and governmental agencies make 
it desirable to move as rapidly as pos- 
sible toward a full time secretarial 
service. 

Next, after reviewing the existing 
sources of income and probable ex- 
penses of our now enlarged organiza- 
tion with the executive committee and 
taking into account the retirement 
provisions in view' for the secretary and 
the assistant secretary, it seemed ap- 
parent that the present dues of the 
Society would not suffice to sustain 
a full time secretary and to provide 
for the necessary assistance and over- 
head expense. 

The committee felt it advisable to 
proceed in a provincial manner pend- 
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iiig the possible change in dues and 
further instruction from the executive 
committee. It did, however, make a 
new study of the distribution of our 
membership and of its geographical 
center, in order to ascertain the most 
convenient region for tlie Society’s 
headquarters. The center of gravity 
of our membership was found to lie 
within a triangle bounded by Ann 
Arbor, Columbus and Cleveland. The 
committee thereupon decided to can- 
vass the major institutions in the ur- 
ban centers within this area and in 
a peripheral zone including Chicago 
(you Chicagoans may not like that), 
Cincinnati, and Pittsburgh, to ascer- 
tain which institution would be able 
and willing to provide headquarters 
for the Society and what individual 
the executive officers of this institution 
would recommend as a possibility for 
an appointment as a secretary, initi- 
ally on a part time basis if necessary, 
but with the understanding that the 
goal in view was a full lime engage- 
ment. 

Of the institutions ai)proached, the 
University of Michigan, Northwestern, 
Illinois Institute, and Pittsburgh and 
Case indicated their willingness to pro- 
vide secretarial headquarters and sug- 
gested in all eight possible candidates 
for appointment. 

In the meantime, our executive com- 
mittee had inaugurated a canvass of 
the membership on the question of an 
increase of dues and pending these 
returns has been unable to give our 
committee instruction and a budget 
having to do with secretarial salary 
and expense. While it might have been 
possible to approach some of the candi- 
dates suggested on a purely elastic 
basis of part time service subject to 
later adjustment, the strong desire that 
had been expressed by certain of the 


officers of the society and members of 
the committee seemed to make it un- 
wise to approach any candidate until 
our special committee and the execu- 
tive committee had been able to confer 
together on all aspects of the situation 
and this conference was arranged for 
Wednesday morning of this convention 
week. 

Meeting together at this time, the 
two committees agreed first to main- 
tain the secretary’s office, if possible, 
in connection with one of the insti- 
tutions within the region previously 
canvassed : secondly, to appoint a sec- 
retary on an initial basis of approxi- 
mately two-thirds time .service, that 
is, leaving o])en the possibility of his 
carrying half load academic engage- 
ment, at a salary making the position 
attractive to a young man of excellent 
ability in the intermediate academic 
or administrative ranks of our col- 
leges; and third, to select if possible 
an appointee who has had an active 
record of participation in the Society’s 
affairs, and who can be counted upon 
to continue and upbuild the record of 
widely decentralized activity, rather 
than to build up a highly centralized 
plan of operations. Finally, in order 
to assure immediate steps to carry 
out these measures, the executive com- 
mittee agreed to relieve the present 
chairman of the special committee of 
that responsibility, as it will not be 
possible for me to give active service 
in the early part of the summer and 
I am happy to announce that the chair- 
manship of the committee has passed 
into the highly capable hands of our 
good friend. President Heald of the 
Illinois Institute of Technology. Ac- 
tive measures will be taken as quickly 
as possible to carry out the general 
policy herein indicated. That part is 
the plain, unvarnished tale. 
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The rest, I trust, has a little more 
romance and color. All of you have 
heard the oft- repeated classic that 
every great institution is but the length- 
ened shadow of a man. and to that 
many of us can testify from long as- 
sociation with this Society. I recall 
being stopped one time upon the street 
corner by the Dean and Nestor of all 
of us, old Professor C. Frank Allen, 
one of the founders of the Society, I 
believe its first secretary, who in my 
early teaching days told me he had 
observed that the young men in engi- 
neering education who were likely tt) 
go far were those who took an active 
part and interest in this great organi- 
zation. After a long period of associ- 
ation with the Society from the most 
junior of its ranks to now one of the 
older guard, I can testify through inti- 
mate association to the aptness of this 
classic expression as it relates to our 
retiring secretary. The shadow of a 


man — unobtrusive, but inseparable 
from every interest of the Society. 
Silent most of the time, but knowing 
everything, and never getting between 
any man or this great institution and 
the sun. 

Now I don't know with what illu- 
sions Fred Bishop may have begun 
his service as Secretary 33 years ago, 
whether hopes of increased income or 
fame may have led him on, but I am 
certain of one thing that he has con- 
tinued through all these years at a 
constantly increasing sacrifice of time 
and comfort and I suspect of financial 
income as well. It is just that spirit 
of self-dedication that makes the an- 
nals of education glorious and has 
created such an irresistible appeal to 
men of high spirit, and on this occa- 
sion of bis retirement I should like to 
move that this Society spread on its 
minutes the following testimonial to 
Frederic Lcndall Bishop: 


FREDERIC LENDALL BISHOP 

i # //^/) American Society for Engineering Education, 

/ fJfC Ihc occasion of your retirement from the office of 
Secretary after thirty-three years of devoted service, 
desires to express to you its deep gratitude and enduring affection. 


Under Your Wise but Self-Effacing Guidance, the Society 
has attained to a commanding influence in the realms of higher 
education and professional endeavor. As a common forum for the 
problems of instruction, administration and research, it has rendered 
a notable service to teachers and colleges alike. It has united those 
who guide, teach and inspire students of engineering in a fraternal 
bond rarely equalled and never surpassed. 


Ceaseless Fidelity, unvarying loyalty to worthy goals and sound 
standards, a progressive spirit, concern for the welfare of students, 
devotion to freedom for teacher and school, and resourcefulness in 
achieving great ends with modest means . . . these have been the 
personal hall-mjrks of your administration. 


You Have Become a Tradition among us, worthy of the high 
place of honor and affection in which we shall always hold you. 

On behalf of the Society 

Hubert O. Croft 
President 
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June 20, 1947 

On behalf of the Society, and to be 
signed by its President, I move, Mr. 
President, that we engross this reso- 
lution of testimonial upon our min- 
utes and present it to our retiring Sec- 
retary. 

Secretary Bishop: Mr. President, 
this is kind of a bad position to be in. 
I should have studied more sociology 
and very much less science — I can see 
that now. 

Of course, it has been a great pleas- 
ure to be Secretary of this organiza- 
tion. The friendships have been re- 
markable. The Secretary’s office, you 
know, operates through Miss Mc- 
Kenry. Don’t you get any idea that 
T do the work, or even create the 
ideas. At the time I took over the 
Secretary’s work, among other things, 
the Society for the first time ajipropri- 
ated $40 a month for clerical and 
editorial assistance. 

Well, it is going to be a tough job 
to find a new vSecretary that will do 
as much as the present group does — 
I know that. Of course, while the 
committee is looking around. Miss Mc- 
Kenry will carry on. Right now I 
wish that would extend over a long 
time. 1 thank you one and all. (Dr. 
Bishop was presented with a silver 
tea service, various pieces of which 
were pr sen ted by Webster Jones, Dean 
Earle, Dean Hammond, Dean Fergu- 
son, Dean Potter, and Dr, Jackson.) 

The fourth general session was pre- 
sided over by F. M. Dawson, Presi- 
dent of the Research Council. The 
following program was presented : 
Synopsis of the Annual Report of the 
President, F. M. Dawson; report of 
the Committee on Federal Research 
Agencies by Thorndike Saville; re- 


port of the Committee on Legislation 
by Thorndike Saville; report on Sen- 
ate Bill 493 by E. B. Norris; Physio- 
logical Problems Encountered in Engi- 
neering by Philip Drinker; Research 
Problems and Opportunities in the 
Field of Jet Propulsion by S. F. Dun- 
can; Research in Turbulent Flow by 
J. S. McNown. 

The following resolution was pre- 
sented and accepted by a rising vote: 

Wc, the members and guests of 
The American Society for Engineer- 
ing Education, wish to thank our host, 
the University of Minnesota, for the 
leadership, cooperation, and friendli- 
ness that have made this 55th annual 
meeting an outstanding success. We 
are especially grateful to President J. 
L. Morrill; to Dean S. C. Lind and 
his Faculty in the Institute of Tech- 
nology ; to the genial, patient, and 
helpful Chairman of the General Local 
Committee, Professor B. J. Robert- 
son, and to the Chairmen and mem- 
bers of his many committees. 

We are grateful also to the Con- 
vention Bureau of the Chamber of 
Commerce for assisting the local com- 
mittee ; to the Minnesota Hotel Associ- 
ation for arranging reservations; and 
to the Nicollet Hotel for providing us 
space for headquarters and meetings. 

For the gracious hospitality pro- 
vided for the ladies attending the meet- 
ing, we express our appreciation to 
Mrs. H. E. Hartig and the members 
of her committee. 

Since we think that our various pro- 
grams have been particularly inter- 
esting and stimulating, we wish to 
thank our speakers, our officers, and 
all the committees representing the 
divisions and special conferences. 

Inasmuch as this is the last meeting 
under the guidance of our able secre- 
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tary, l)r. F. L. Bishop, we wish to 
rceognize here his long and faithful 
service and his many contributions to 
engineering education and to the 
outstanding growth and prestige of 
this Society. 

We Resolve, Therefore: That 
this expression of our gratitude and 
appreciation be recorded in the min- 
utes of the meeting and be duly con- 
veyed to all those herein mentioned. 


(signed) L. O. Stewart, 

Iowa State College, 
S. S. Steinberg, 
University of Maryland, 
W. T. Alexander, 
Northeastern University, 
W.O. Birk, 

University of Colorado, Chairman. 

The meeting adjourned sine die to 
meet at the University of Texas, 
Austin, Texas, June 14-18, 1948. 



Minutes of Council Meeting, June 18, 1947 


Present: TJ. O. Croft, H. W. Bar- 
low, W. O. Birk, F. L. Bishop, A. B. 
Bronwell, E. S. Biirdell, L. E. Conrad, 
H. A. Dangcl, C. L. Dawes, F. M. 
Dawson, H. L. Dodge, W. R. Dumble, 
C. D. Fawcett, C. J. Freund, T. C. 
Hanson, E. D. Howe, J. R. Killian, R. 
C. Kinter, J. H. Eampe, W. M. Lans- 
ford, L. S. T^ctellier, S. C. T .ind, H. J* 
McIntyre, D, F. Miner, G. Murphy, 
E. B. Norris. O. N. Olson, G. K. Pals- 
grove, B. J. Robertson, H. S. Rogers, 
S. S. Steinberg, J. S. Thompson, A. W. 
Turner, H. W. Wood, W. R. Wool- 
rich, J. H. Zant. 

The report of the auditor was read 
and accepted as the report of the 
Treasurer. It was ordered printed. 

President Croft presented the fol- 
lowing report: 

A retiring president’s address is easy 
to deliver but difficult to compose. For 
of necessity it must be a hodgepodge 
made up of an expression of thanks to 
those who have helped, an annual 
statement to the stockholders, an ex- 
planation to those few who have disa- 
greed with policies adopted, a brief 
sermon looking toward the future, and 
a sigh of relief for the completion of a 
job. 

This is the end of the first year of 
operation of the American Socity for 
Engineering Education under the new 
constitution adopted by you a year ago 
at St. Louis. During the transition I 
doubt if many of you have noted any 
change in that comfortable feeling you 
experienced from your membership 


in the Society for the Promotion of 
Engineering Education. In fact there 
has been little change. You, the Gen- 
eral Council, are now more represen- 
tative of the Society as a whole, and 
the engineering college administrators 
and tlic engineering college research 
directors have the autonomy necessary 
to act quickly when the time element 
is essential. 

For example, the Engineering Col- 
lege Research Council has been more 
than influential in having engineering 
research finally included in the Re- 
.scarch Foundation Bill now pending 
before Congress. Engineering research 
had been expressly omitted in the 
original bill submitted for hearings. I 
wish here to express my congratula- 
tions to E.C.R.C. for this real accom- 
plishment. Again I wish to express 
my sincere thanks to Dean F. M. Daw- 
son, President of E.C.R.C., and his 
executive committee for the sympa- 
thetic and complete cooperation they 
have given during the past year. 

Likewise, the Engineering College 
Administrative Council under the 
leadership of President Killian has 
been helpful in its advice and generous 
in its cooperation. It was at the sug- 
gestion of E.C.A.C. that the Report 
on Academic Tenure was sent, after 
the approval of Council, to all presi- 
dents of engineering institutions. It 
should also be noted that their com- 
mittee on military training is studying 
very carefully the proposed legislative 
program for compulsoTy military train- 
ing. 
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Vice Presidents Freund and Norris 
have worked hard and long on much 
of the detail work that has been car- 
ried on for the proper functioning of 
the Society. We owe them much and 
I wish to offer them the thanks of 
the Society. 

We are likewise particularly grate- 
ful to those of you who worked on the 
Membership Committee. You have 
made an all time record in new mem- 
berships. You have enrolled 887 new 
members this year which makes a 
total membership of 4,592 at this time, 
plus 165 institutional members, bring- 
ing the total to 4,757. This is the 
largest membership the Society has 
ever had. Let all cjf us welcome these 
new members and help them to under- 
stand why our group is unique. 

The only matter that has been undei - 
taken this year which seemed to be in 
the least controversial was the ballot 
on the increase in membership dues. 
The real controversy was not as to 
whether an increase in dues was justi- 
fied, but rather what form the increase 
should take, whether it should be a 
blanket increase for all or a graduated 
increase according to rank. This mat- 
ter was presented first to the executive 
committee and then to Council. The 
ballot submitted to you was the one 
approved by most of the members of 
Council. I am delighted to report that 
1,989 ballots had been received up to 
midnight on June 14th. Of these 
1,492 or 74 per cent, were in the 
affirmative; 487, or 25 per cent, were 
negative; and 10, or 1 per cent, were 
disqualified either because they were 
not marked, because they were not 
signed, or because they could not be 
interpreted. Since the constitution 
provides that the majority of the bal- 
lots received shall determine the issue, 
all of us will be billed at the new rate 


for annual dues next July 1st — grades 
under associate professor, $5.50; as- 
sociate professor, $6.00; all others, 
$7.00. 

I wish to express the gratitude of 
the whole Society for the outstanding 
work of our 36 committees and their 
chairmen. You can judge the excel- 
lence of the work they have done in 
the fifty or more sessions they are 
producing here for our benefit. 

One of tlie most satisfying experi- 
ences of my life has been that as your 
representative on the First National Ad- 
visory Committee of UNESCO, the 
United Nations Educational, Scientific 
and Cultural Organization. This 
group, authorized by Congress, is one 
of many similar bodies working in 
most of the member Nations of the 
United Nations to promote peace, good 
will and mutual understanding between 
the peoples of the world. What 
UNESCO lacks in budget is compen- 
sated for at least partially by the sin- 
cere enthusiasm of the members. All 
of us hope, T am sure, that UNESCO 
will succeed in its fundamental ob- 
jectives. 

It was through the inspiration of 
UNESCO that I took the liberty of 
asking the State Department to send 
an invitation through each of their 
consular offices to each country with 
whom we maintain diplomatic rela- 
tions. This invitation to attend this 
meeting here in Minneapolis was ex- 
tended to a prominent engineering edu- 
cator in each country. The first 
approach was made to the State De- 
partment in December but for various 
reasons the invitations were not sent 
to the consular offices abroad until 
April. Dr. Dowdell of the University 
of Minnesota was asked to be the 
liaison official here for all foreign 
guests. He advises me this morning 
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that 20 guestb from foreign shores are 
among us this morning. It seems to 
me that invitations to our colleagues 
abroad and one session of the annual 
meeting during which our guests may 
discuss their problems with us should 
be an annual tradition. This is one 
way we may really contribute to inter- 
national ap])reciation and understand- 
ing. 

As many of you know, F. L. Bishop, 
a member since 1907 and after serving 
this Society faithfully and well as Sec- 
retary for 33 years, retires in July 
from his academic activities at the Uni- 
versity of Pittsburgh and likewise from 
bis leadership of this Society. It is 
difficult for me to express those 
thoughts of appreciation which are in 
the hearts of all of the older men in 
the Society. The history of this so- 
ciety has been made in no small part 
by the imagination, by the planning, 
and by the devotion of Dr. Bishop. 
Under Dr. Bishop the membership has 
grown from about 1,300 to 4,800. 
Many Presidents have served under 
him and all of them have finished that 
service with a deep appreciation of his 
insight into the strange actions of man, 
his keen sense of humor, his inherent 
sense of justice, and his absolute re- 
liability. He has been an inspiration 
to me as he has to all of his friends in 
the Society. The Society will be for- 
tunate to say the least if it can obtain 
a successor who even partially will fill 
his shoes. We wish Dr. Bishop a 
happy and fruitful future for the free 
days that are now' his. 

Miss McKenry, who has served the 
Society for the same length of time as 
Dr. Bishop, has been priceless in the 
performance of her duties. Without 
her the President would have been lost 
in a fog during the past year. To her 


I offer my sincere gratitude and like- 
wise a personal apology for the many 
sins I have committed. 

1 have tried to analyze for my own 
satisfaction what is inherent in this 
Society that draws us together once a 
year to diesuss almost the same ma- 
terial year after year and I have come 
to the conclusion that it is the aggrega- 
tion of great men who gather at this 
meeting, men who are following in the 
footsteps of Baker, Allen, Jackson, 
Talbot, Raymond, Marslon, Ketchum, 
C'ooley and Sackett, to mention but a 
few. Men comparable to these are 
here now if you but look about you, 
and fail not to search particularly in 
the younger group of men if you wish 
inspiration and stimulation. It must 
be the deep personal friendships that 
are ripened over the years that really 
bring us back to this annual meeting 
and only incidentally does the public 
discussion of our common problems 
really justify our presence. I suspect 
that there are few'er clicpies, regional, 
functional, or political, in this society 
than most, and it is your responsibility 
to maintain this characteristic of our 
unique society. 

The Secretary’s report was accepted 
and ordered printed. 

The report of Vice President E. B. 
Norris on Sections was accepted and 
recommendations therein left for ac- 
tion by the next Vice President ( B. J. 
Robertson). 

Life membership was conferred up- 
on W. C. Ebaugh, W. H. Kenerson, 
R. A. Porter, R. E. Root. 

Sub-committee of the Comittee on 
Relations with Industry: 

Committee on Ethics of Personnel 
Interviews and Practice: M. M. Bor- 
ing, C. E. MacQuigg, J. C. McKeon, 
A. A. Potter. The report is to be sent 
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to the new President and he should 
appoint a committee to study further 
the present code of ethics. 

W. E. Wickenden reported on sec- 
retariat. (Sec report made at annual 
dinner.) 

II. S. Rogers appointed as repre- 
sentative on Engineers’ Council for 
1 h ofessional Development. 

W. E. Wickenden appointed as lep 
lescntative on American Council on 
Education. 

W. R Wool rich invited the Society 
to meet at the University of Texas, 


Austin, Texas, in 1948. This invita- 
tion was accepted and Monday noon 
June 14 to Friday noon June 18 were 
the dates set. 

A revision of the present Constitu- 
tion and By-Laws was referred to the 
Committee on Constitution. 

One hundred and eleven new inem- 
hers were elected, making a total of 
887 new members for 1946-47, the 
largest number in the history of the 
Society. We now have 4,592 indi- 
vidual and 165 institional members, a 
total of 4,757 members. 



Report of the Committee on Manpower* 


By M. M. BORING, Chairman, 
General lUectric ( ompany 


I must report to you tliat this can 
only he considered as an interim re- 
j)ort. There are a number of factors 
involving the manpower problem that 
have come up making it necessary for 
us to continue the study of the prob- 
lem in order to give you a complete 
report which, we hoj)e, wdll be accurate. 

I am not going to bore you with a 
stream of figures, but will give you 
a few pertinent facts at this time. We 
could, I suppose, sum up the entire 
report by saying there is going to be 
more, soon. 

Last summer in July, at the time 
the so-called C'ompton Report was 
made by Karl Lompton, we had a 
great deal of guess work in connection 
with the enrollment and also in my 
opinion some guess work in connec- 
tion with the demand side of this im- 
portant problem. 

After enrollment was completed in 
September, 1946, of last year’s group, 
Mr. Armsby, in Washington, a mem- 
ber of our Committee, made a com- 
plete and very accurate study of the 
actual enrollment of the technical stu- 
dents in the country. I will give you 
the total results of that study. 

His study indicated 92,600 fresh- 
men, 57,500 sophomores, 33,800 
juniors, 23,400 seniors and 800 fifth 
year men in the engineering colleges. 

* Presented at the 55th Annual Meeting, 
A.S.E.E., Minneapolis, June 18-21, 1947. 


We find 14,900 students unclassified, 
who clearly are candidates for degrees 
in this period of time. Assuming the 
same rate of admission, we used last 
year’s rate — this factor must be stud- 
ied. Some of the schools are still in 
session and we do not have an ac- 
curate figure of admission under the 
present situation so we are going back 
to last year’s assumption which is the 
only basis on which we can, at the 
moment, make our studies — the study 
w'ould indicate the senior class of 1947 
was 23,000, the class of 1948 wdll 
graduate 31,000, the class of 1949 
should graduate 36,000 and in the class 
of 1950 there will be 58,000 students. 

Another important study, which was 
missed completely in last year’s report, 
was the number of young men in the 
other colleges who anticipate transfer- 
ring. We do not refer to those boys 
in the Government temporary pre-en- 
gineering schools, but to those in col- 
leges such as arts and other types of 
institutions. Mr. Armsby again took 
on the job of surveying that group. 
He contacted over 1,100 such institu- 
tions and has replies from roughly 900, 
which indicates we have in these 
schools, who expect to transfer this 
coming year or in the next two years, 
an additional 77,000 boys, of whom 
we estimate 55,000 will enterTreshman 
classes in engineering and 22,000 will 
enter other classes — sophomore, junior 
or senior as the case may be. 


no 
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We believe that we are faced in 1951 
with an even higher admission than 
we would normally use, and there will 
be another group of 54,000 in that par- 
ticular class who will be thrown on 
the market. 

I would like to say, and I am sure 
I speak for every member of the Com- 
mittee, we do not think this is quite 
as serious a situation as was first ])e- 
lieved. It means that it is high time 
we start preaching to our young people 
111 college that this training is without 
(luestion the best preparation for life. 
Whether they get into an engineering 
job is, in reality, of secondary impor- 
tance. If we can plant that in the 
minds of our young people, over-pro- 
duction in this country will not be 
very serious. However, if we do turn 
out a very large number of students 
in the next few years unable to find 
jobs 111 the field for which they are 
prepared, we are facing rather serious 
difficulties as far as the country is 
concerned. 

On the supply side (jf the picture, 
therefore, we feel we have a fairly 
accurate size-up of the problem. The 
figures I have just given you on the 
demand side of the picture indicate 
there are three basic areas that we 
feel must be carefully surveyed. Just 
a word on our attempt and procedure. 

In the first place, we must know 
how many people the colleges need to 
employ as instructors and professors 
in order to continue their educational 
processes. We have contacted all of 
the deans of the engineering colleges 
in the country. We have received re- 
plies from a high enough percentage 
to believe that wc have an accurate 
idea of the college needs. In 1947- 
1948 they will be asking for 1,745 
people, of which 1,050 are new and 
695 experienced; in 1948-1949 for 


1,565, 923 new and 642 experienced; 
in 1949-1950 for 1,360, 630 new and 
730 experienced; and in 1950-1951 
for 1,1^, 510 new and 650 experi- 
enced. There is an indication that 
specialization in schools means a con- 
tinual downward trend in the demand 
for additional people in education. We 
can assume from information received 
that if we can man tlie colleges to 
take care of the present load, future 
additions to faculty will be unneces- 
sary. 

We are having real difficulty in 
making a good survey of governmental 
needs. At the present moment we 
know certain branches of the govern- 
ment have already had very serious 
budget cuts from the new Congress. 
This is having a serious effect on our 
manpower survey. For example, we 
know the Bureau of Reclamation is 
laying off thousands of people at the 
present time. REA is releasing 1,500 
people and many other Bureaus are 
worrying and wondering what their 
situation will be. It is utterly impos- 
sible at this time to get good accurate 
figures. The best information that 
Dr. Trytten can bring us from his 
contacts in Washington is roughly that 
an additional 3,000 a year will be 
needed from the colleges by the various 
governmental bureaus. State organi- 
zations are in exactly the same boat 
and in our survey (on which I will 
touch in a moment) as to the needs 
for civil engineers, we do not believe 
that our figures are accurate. We 
know that a large percentage of the 
civil engineers go into federal, state 
and local governments. Our man- 
power figures for this group are un- 
obtainable. For these reasons we are 
using the total figure of 3,000 a year 
for all forms of government. 

On the industrial side of the picture. 
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last year the report was made from 
a comi^ilation of information from 125 
companies. T have mentioned to some 
of my friends around the circuit that 
I would guess that there aic 3,600 
companies visiting the colleges to re- 
cruit engineering people. We have 
gone to the schools and asked them 
to give us the names of every indus- 
trial organization that has contacted 
them, whether an engineering concern, 
a bank, or what not. There are all 
types re(|uiring engineering people and 
we had, at the time I left, collected the 
names of 4,247 organizations involved 
in this particular problem this last 
year. We have sent to those organi- 
zations a simple questionnaire asking 
for their manpower reciuirements, and 
that information is pouring in at a 
great rate. We have collected informa- 
tion from 605 organizations, and by 
interpolation have arrived at the fol- 
lowing iigurcs: 

Industry should demand from the 
class of 1947, 23,300 people directly 
from college. They need an additional 
9,900 or a total of 33,200. In 1948 
they ask for 22,100 new and 8,000 ex- 
])erienced, or a total of 30,700. In 
1949 a total of 28,200; in 1950 a total 
of 26,900; in 1951 a total of 26,100; 
and in 1952 a total of 25,800. There 
is a continually dropping curve 
throughout this entire period. 

Another problem facing the schools 
is that if an organization employs an 
experienced man, he will have to be 
replaced by a younger man from col- 
lege some place down the line. In 
other words, that figure given as the 
total demand of industry will be in a 
large part the demand from the schools 
themselves. 

Another very interesting figure is 
the total of the results and I will go 


over that quickly. In 1947, including 
the demand of industry and govern- 
ment, the total will be 36,200 with a 
supply of 23,000 or a shortage of 
13,200. In 1948 we show a total de- 
mand of 35,545 with a supply of 31,000, 
which is still a shortage of 4,545 boys. 
In 1949 there w'ill be a total demand 
of 32,765 and a siqiply of 36,000 which 
we believe wdll probably be about 
“even-Steven” or on the line, if you 
will, and in 1950, when the very large 
freshman class strikes us, the demand 
v\ill be 31. 2.^0 with a supply of 58,000, 
w'hich indicates a surplus of 26,770 
people. Going on to 1951 we will 
hav'e a surjdus of 22,740, which drops 
a little from the great peak unless our 
attrition is very, very high, unless w^e 
work harder to eliminate the poor ones. 

These boys ought to be warned that 
it is nut necessarily a very serious situ- 
ation if they do not find jobs in the 
companies that employ engineers. 
They should realize there will be an 
oversupply in 1950, but that an en- 
gineering education is basically as good 
an education for life as any they can 
take. 

Quickly breaking down I will give 
you the various types of engineers in 
w'hich I think you w^ould be interested. 
The aeronautical group is already 
oversupplied according to the figures. 
There is an oversupply which will in- 
crease for the next four years up to 
a maximum of 1,650. It is a relatively 
small grc»up. 

There is still a heavy demand for 
chemical people and this will con- 
tinue throughout the period coming 
out with a slight surplus which will 
mean, if anything, a balance or still a 
small shortage in 1950. 

For civil engineers we do not have 
figures that are of any value. We do 
not have a sufficient picture of the 
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(leiiiand side to make the figure ac- 
curate. We believe generally that the 
civil engineer balance w’ill not be 
reached before 1951. They will still 
he needed in large numbers with the 
expectation of many government proj- 
ects. 

The electrical engineers are the se- 
lious problem. It is increasingly clear 
that we are going to have a consider- 
able oversupply in 1949 and an ex- 
ceedingly high oversupply by 1950. I 
feel we should watch that very care- 
fully as there are large numbers being 
attracted to the electrical phase of en- 
gineering due to the various contacts 
the G.I. had in the war with different 
phases of electrical engineering, such 
as radar, etc. 

For mechanical engineers there is 
a tremendous demand and it will con- 
dnue. Our figures show a slight over- 
Mipply in 1950, hut it is not at all 
serious and T feel that we can use good 
mechanical engineers as fast as they 
can be produced. 

Mining and metalluigy .show a 
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slight oversupply which we feci is 
wrong. We think there are many more 
places for engineers of this kind. 

As for other groups, from the best 
information wt can obtain by putting 
all other kinds of engineering into a 
lump, as w'e did in last year’s report, 
we have found there will he a heavy 
oversupply. It would be wise to en- 
courage some of these boys to switch 
to mining and metallurgy or mechani- 
cal engineering. 

Very briefly, gentlemen, that is an 
interim report by your Manpower 
Committee. We are going to have to 
ask for more and more help, and as 
Dean Harry C*urtis at the University 
of Missouri wrote me. ‘'Your con- 
founded questionnaire came in,'’ and 
1 suppose I will have more statements 
of that kind pretty soon. This is an 
important subject and >our Commit- 
tee intends to keep on working with 
it. We h.ope that well before enroll- 
ment begins w^e will be able to supply 
you wdth accurate substantial figures 
on which you can base your judgment. 



A Proposed Engineering Aptitude Test for 
High School Students 

By K. W. VAUGHN 

Director, 1 he M cdsuremcnt and Cnidanic Profcit in Hiujincering Education 


Introduction 

The Measurement and Guidance 
Project iti Jui^ineering lulucation is 
CTigaged in systematic development 
and evaluation of tests and examina- 
tions designed to reveal aptitude and 
achievement in various stages of the 
engineering curriculum. In this ex- 
amination structure, provision has 
been made for the construction and 
validation of an engineering aptitude 
test suitable for high school sophomore 
students. The purpo.se of this paper 
is to outline general princi])Ies which 
will guide the development of this 
test and to describe briefly the major 
abilities and achievements which ap- 
pear to be neces.sary components of 
engineering aptitude. 

1. The Need 

An aptitude test suitable for dis- 
covering possible engineering talent in 
the high school may properly be 
classed as a guidance test. It is gen- 
erally recognized that a guidance test 
should be administered at a time in 
the student’s development when he 
needs to have information concerning 
his potentialities and the areas in 
which his energies and intellectual de- 
velopment may properly be directed. 

* Presented at the 55th Annual Meeting, 
A.S.E.E., Minneapolis, June 18-21, 1947. 


b'urthermore, such tests should be 
available at a time when there remains 
an opportunity for the student to com- 
plete the necessar} stages of develop- 
ment before specialized college study 
is undertaken. That is, the student 
should be provided with dependable 
measures of his capacity for the further 
study of scientific subjects as early as 
possible if he is to prepare himself for 
the study of engineering. It is not 
enough to ascertain the student’s in- 
terest or his achievement in formal 
courses to serve as a basis for such 
guidance. Carefully-constructed tests 
should be used to provide dependable 
and objective estimates of individual 
possibilities and potentialities. 

It is generally recognized by edu- 
cators, guidance officers, and psycholo- 
gists that the high school student’s 
interest and study pattern can be modi- 
fied by intelligent advice which be- 
comes more effective when supported 
by objective evidence provided by ex- 
amination or test scores. Admissions 
officers and deans of engineering gen- 
erally prescribe a series of subjects 
which students are required to have 
completed before the engineering cur- 
riculum can be undertaken. While 
such prerequisites are generally well 
publicized from the point of view of 
the college of engineering, this in- 
formation sometimes does not get into 
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the hands of students soon enough to 
•permit the student to choose a course 
of study which will lead him into the 
study of engineering. A systematic 
guidance program in secondary schools, 
which provides adequate testing in- 
struments and occupational informa 
lion, and places this information in the 
hands of students at appropriate times, 
can do much to guide prospective sci- 
(Mice and engineering students into 
[)roper advanced courses in the last 
two years of secondary school study. 
’ From the point of view of the en- 
gineering curriculum, the sophomore 
vear in high school is an appropriate 
point to begin exploring the poten- 
tialities of individuals with respect to 
the possible study of engineering. 
Generally, the student has completed 
two years of the basic sciences — ^gen- 
I ral science and biology. In many 
high schools, students will have com 
pleted elementary algebra and plane 
geometry. This pattern, of course, 
varies considerably in various parts 
of the United States and among high 
schools with divergent philosophies 
concerning the place of formal mathe- 
matics in the secondary school cur- 
riculum. In general, however, the 
student will have pursued the first 
science courses and the elementary 
mathematics courses which are funda- 
mental to the subsequent study of en- 
gineering. By having taken such sub- 
jects, most students will have formed 
a very definite opinion as to their in- 
terest in further study of these fields 
in high school and will possibly have 
projected their interests forward into 
the college. 

While the elective system within the 
last two years of high school is rela- 
tively restricted as compared with col- 
: lege curricula, there is in most cases 
I an opportunity for the student to elect 


further courses in science and mathe- 
matics during the last two years of 
high school. Thus, the end-of-year 
high school sophomore student who is 
soon to register for his junior courses 
should be provided with some basis 
for evaluating himself in relation to 
his educational study plan. In this 
connection, he can be advised of the 
information provided by aptitude tests, 
interest tests, and other objective in- 
struments which can assist him and 
his counselors in making decisions af- 
fecting bis further study. 

It appears, therefore, that there is 
a need for an engineering aptitude test 
at the high school sophomore level 
and that such an instrument will be of 
considerable value in the guidance of 
high school students. 

II. GKNKRAr. Principles of 

DhVhLOPMENT 

In developing the engineering apti- 
tude test, the Project staff will be 
guided by several practical and tech- 
nical principles. Some of these prin- 
ciples are general in character and 
others serve as standards for evaluat- 
ing the test materials as they evolve 
through successive stages of develop- 
ment. Certain of the most important 
of these principles will be discussed 
briefly. 

\. The purpose oj the engineering apti- 
tude test will be clearly defined. 

The purpose of the proposed engi- 
neering aptitude test is to provide 
measures which are predictive of the 
student's success in advanced mathe- 
matics and science courses in the last 
two years of high school study. It is 
assumed, and there is much evidence to 
support this assumption, that abilities 
developed in these subjects are most 
predictive of initial success in the first 
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stages of tlie engineering curriculum. 
This fact has been borne out repeat- 
edly in researches of the effectiveness 
of the Pre-Engineering Inventory. 

Secondly, the i>erformancc on tlie 
engineering aptitude test must be re- 
lated to success on the Pre-Engineer- 
ing Inventory. Specifically, the pur- 
pose of the engineering aptitude test 
is two-fold in character: (1) perform- 
ance on the test must predict, with 
good precision, the student’s later suc- 
cess in scientific subjects in the high 
school; and (2) individual ])erform- 
ance on the test must also be highly 
related to performance on certain sec- 
tions of the Pre-Engineering fnven- 
tory. 

2. The eiujiHccriuy aptitude test must 

be valid for its purposes. 

One essential aspect of test validity 
is that tlie results derived from an 
examination are dependable for the 
operating purpose of the examination. 
In general terms, an individual who 
receives a high score on the engineer- 
ing aptitude test must systematically 
achieve a better understanding and 
competence in subsequent courses in 
high school mathematics and science 
than an individual who receives a low 
score on the test. 

If the aptitude test were perfectly 
valid, it would also be perfectly re- 
liable, that is, the individual who re- 
ceived the highest score on the 
engineering test in any group of sopho- 
mores would consistently be the best 
student in advanced courses in the 
fields of mathematics and high school 
science. Similarly, all other individu- 
als would retain their relative position 
in achievement as forecasted by the 
measures of aptitude. This, of course, 
is too much to expect of any examina- 
tion. However, a definite effort must 


l)C made to increase the precision of 
the ai)titude test so that guidance offi- 
cers in high schools can predict with 
good precision the individuals who are 
likely to experience difficulty in the 
advanced study of mathematics or sci- 
ence and to identify tho.se individuals 
who would profit by continued study 
and ])ossible preparation for engineer- 
ing study at the college level. Valid- 
ity, then, will be our e.ssential prob- 
lem in the development of this 
exeimination. 

2. Each siih-lest must he as reliable as 

possible. 

In test development, reliability is a 
correlate of validity. In the case of 
aptitude tests, validity may depend 
very largely upon the factors or com- 
ponents of success which are measured. 
Reliability deals with how effectively 
.such facU)r!- are measured. To illus- 
trate, scholastic ability does not ac- 
count for nearly all of the failures 
which occur in the secondary school, 
it would be possible to enumerate a 
long list of other con.siderations which 
must be taken into account when an 
individual does not achieve satisfactory 
marks in science, mathematics, social 
.studies, or other secondary school sub- 
jects. However, if wc arc to ascertain 
what role scholastic ability does play, 
it is necessary to measure such abili- 
ties as precisely as possible. 

To illustrate further, is is certain 
that the engineering aptitude test must 
include a section dealing with mathe- 
matics. Our first problem is to meas- 
ure as dependably as possible the stu- 
dent’s general ability in this area. We 
have criteria by means of which it is 
possible to tell how dependably we 
are measuring mathematical ability. 
When we consider validity, however, 
we are concerned with the problem of 
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how iiuich mathematical ability con- 
’ tributes to the success of individuals 
who continue the study of this and 
related subjects. 

4. The results on the aptitude test must 
he differential in charaeter. 

(kiidaiice tests where more than one 
ability is measured should provide for 
(lifTerential scores. Except in unusual 
instances, it is generally desirable to 
])rovi(le separate scores for each abil- 
ity or subject area included in a series 
(»f test. The engineering aj)titude test 
will ])rovide at least four measures, 
and possibly live, depending upon the 
scope of the series. The report to 
students and counselors will be in tbe 
characteristic profde form in which 
relative ])erfoimaiice in each of the 
abilities can be shown graphically, fn 
addition to scores on the separate tests 
in the series, a comp(»Mle score will 
be provided. 

5. The test zvill he efficient in scope 
and in administration time. 

While short tests are most easily 
administered, it is not always possible 
to devise a short test which is both 
reliable and valid. Thus, we shall J^e 
V first guided by validity ; .secondly, by 
reliability ; and thirdly, by efficiency of 
administration time. It is certain that 
the test will be reduced in length as 
much as possible in order to encour- 
age its use and without impairing its 
value from the point of view of guid- 
ance. 

6. The tests will be difficult. 

One of the most significant findings 
of the early experimental work was 
concerned with the difficulty of avail- 
j^able test materials. Tests of ability 
in mathematics and science which are 
properly adjusted in difficulty to the 


abilities of all students enrolled in the 
high school, or college freshmen gener- 
ally, are not sufficiently difficult for 
prospective engineering students. The 
engineering aptitude test will neces- 
.sarily be a difficult test. It will dis- 
tribute effectively the scores of the 
upper one-half of groups in mathe- 
matics and science courses; below-av- 
erage students will find many questions 
which cannot be answered or problems 
which cannot be .solved correctly. Only 
in providing a difficult test at this 
level will the differentiation necessary 
for proper guidance be provided. 
Naturally, the test materials will not 
be .so difficult that capable students 
will be unduly discouraged. 

III. Principlks ok Construction 

It is not necessary to discuss here 
the specific princi|)les of test construc- 
tion and development which will be 
utilized in the writing and refinement 
of the test questions and the sub-tests 
in the series. It may be of interest, 
however, to present here a brief dis- 
cussion of the major abilities to be 
sampled by the test. Data which sup- 
port the plan for constructing the tests 
are reserved for a succeeding .section. 

Jt is expected that three major abili- 
ties will be sampled by the aptitude 
test. A fourth ability remains in ques- 
tion, and probably will be provided in 
a separate test which will be optional 
on the part of counselors and teachers. 
The three abilities which will definitely 
be sampled by the test are : ( 1 ) ability 
to comprehend and interpret scientific 
materials, including scientific vocabu- 
lary; (2) general mathematical abil- 
ity; and (3) ability to comprehend 
mechanical principles. The optional 
test is spatial visualizing ability. In 
the Pre-Engineering Inventory, the 
tests which measure the ability to com- 
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])relien(l the meaning of important 
words in the vocabulary of high school 
science and mathematics and the ability 
to comprehend and interpret reading 
materials in scientific fields have con- 
sistently proved that their results pro- 
vide a good prediction of a student’s 
success in engineering subjects. Tn 
general, the materials included in the 
test which cominnes vocabulary and 
reading comprehension of scientific ma- 
terials will be concerned with general 
science subjects. Some emphasis will 
be placed on biology, although biologi- 
cal concepts will not be sampled nearly 
to the same extent as will the various 
topics included in general science 
courses. 

The test of general mathematical 
ability will measure the student’s abil- 
ity to solve problems ranging in diffi- 
culty from arithmetic through plane 
geometry, to interpret graphs and 
tables, and to apply mathematical 
thinking to the solution of new prob- 
lem types which the student has not 
previously encountered in his formal 
study, but for which he presumably 
will have developed the ability to pro- 
ceed in an orderly manner. This test 
will measure both achievement and 
aptitude, and may properly be called 
a general ability test. 

Although of limited use for perdict- 
ing general success in the study of en- 
gineering, the ability to comprehend 
and apply physical principles and to 
solve problems involving direction of 
motion, and mechanical principles at 
an elementary level is probably a very 
necessary aptitude for a study of 
physics. It is believed also that this 
test will be an indicator of interest and 
therefore be of considerable value for 
the student’s readiness for the study 
of physics or chemistry. 

A spatial visualization test may in- 


crease the length of the series beyond 
the point of efficiency. Unquestion- 
ably the ability to visualize form and 
detail from plane figures an im- 
portant aptitude for a limited aspect 
of engineering study. It may be de- 
sirable to include this test in the apti- 
tude battery, or it may prove more 
feasible to provide a separate test of 
this ability. The decision in this mat- 
ter cannot, of course, be made immedi- 
ately. 

Experimentation will be conducted 
with each of the four tests already 
described. 

IV. Pertinent Data 

The decisions concerning the con- 
tent and emphasis of the efigineering 
aptitude test are based largely on 
e.xperimentation with engineering 
freshmen. These experiments were 
conducted in connection with the de- 
velopment and validation of the Pre- 
Engineering Inventory. It will be of 
interest to present here data concern- 
ing the predictive value of the seven 
tests included in the Pre-Engineering 
Inventory. 

Lacking uniform criteria among the 
colleges of engineering participating in 
the Engineering Project, our initial 
researches on the predictive value of 
the Pre-Engineering Inventory must 
necessarily be based upon the relation- 
ship of test scores to grade-point aver- 
ages as reported by the college of 
engineering. As is generally recog- 
nized, this procedure is not entirely 
adequate. Grade-point average as a 
criterion has serious limitations and the 
resultant correlation of test scores 
with this criterion does not ordinarily 
produce correlation coefficients in ex- 
cess of .60. Multiple"“correlation pro- 
cedures in which each of the several 
tests in a battery is weighted in ac- 
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cordancc with its relative contribution 
in the matrix are usually necessary 
before such a predictive value is 
achieved. 

When these factors are taken into 
account, a battery of tests which pro- 
duces such a correlation of .50 to .60 
is considered adequate for purposes of 
g^uidance and, in many cases, selection. 
Indeed, most colleges and universities 
utilize test batteries whose validity co- 
efficients (as based on the grade-point 
> criterion) are very much less than 
50. When test batteries whose com- 
posite scores correlate with grade-point 
average during the first semester or 
first year of study of the order of .60 
or higher, the battery is usually classed 
as a superior instrument. Individual 
tests which correlate with this criterion 
or course grades in excess of .50 can 
be considered as most u.seful for pui- 
poses of predicting success in the sub- 
ject or area. 

T.et us consider now the con elation 
of scores on the several tests in the 
Pre-Engineering Inventory with grade- 
point average during the first semester 
of study in ten colleges of engineering. 
Only summary results are presented 
^ for this group of colleges which ad- 
ministered the Pre-Engineering Inven- 
tory in the fall of 1944 and, in four 
cases, in the fall of 1945. The colleges 
represented in the data presented be- 


low are: 

The California Institute of Tech- 
Technology 

The University of California at Los 
Angeles 

The Carnegie Institute of Tech- 
nology 

Georgia Institute of Technology 

Massachusetts Institute of Tech- 
nology 

The University of Michigan 

Newark College of Engineering 

North Carolina Stale College of Ag- 
riculture and Engineering 

Oklahoma Agricultural and Me- 
chanical College 

The University of Texas 

Each of these colleges of engineer- 
ing administered M seven tests in- 
cluded in the Prc-Jinginecring Inven- 
tory with the exception of one college 
wdiich did not give Test VII — Under- 
standing oj Modern Society. The 
composite score on the battery was an 
experimental one and based onl} on 
Test II — Technical Verbal Ability, 
Test III — Comprehension of Scien- 
tific Materials, and Test IV — General 
Mathematical Ability. The following 
tabulation presents the range of cor- 
relation coefficients between test scores 
and first-semester grade-point average 
and median correlation coefficients for 
each test. These follow : 




Range 

Median 

Test I 

General .Verbal Ability 

.16-.50 

.38 

Test II 

Technical Verbal Ability ^ 

.25-.55 

.47 

Test III 

Comprehension of Scientific Materials 

.41-.65 

.55 

Test IV 

General Mathematical Ability 

.51-71 

.62 

Test V 

Comprehension of Mechanical Principles 

.30-.55 

.39 

Test VI 

Spatial Visualizing Ability 

.22-42 

.35 

Test VII 

Understanding of Modern Society 

.25-.53 

.41 

Composite Score 

.44-.68 

.62 
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The variations in correlation co- 
(‘fficieiits among a group of colleges of 
engineering are indeed striking. There 
are many explanations of such vari- 
ations and no generalization will ap- 
|)ly uniformly. Correlation coefficients 
themselves have limitations for pur- 
poses of interpretation and analysis. 
Sometimes it is necessary to resort to 
a consideration of the original data 
and to deduce from distributions of 
test scores and criteria why certain 
correlations are low or abnormally 
high. In many instances, it is not 
possible to explain such variations. 

It docs not follow, however, that 
such variations in correlation coeffi- 
cients as are reported above negate 
analysis for purposes of projecting 
plans for a new series of tests. If 
we consider the median correlation 
coefficients for the several tests in 
the Pre-Engineering Inventory, we 
can conclude that the general mathe- 
matical ability test, the comprehension 
of scientific materials test, and the sci- 
entific vocabulary test are most pre- 
dictive of grade-point average. This 
is as we would expect since success 
in engineering study in its initial 
stages depends very largely upon the 
student’s mastery of scientific sub- 
jects. 

While performance on the test of 
ability to comprehend mechanical prin- 
ciples is not highly related to grade- 
point average, scores on this test have 
been observed to correlate with grades 
in college physics courses to the extent 
of .51 and engineering drawing to the 
extent of .56. Although the correla; 
tion of general verbal ability with 
grade-point average is almost exactly 
that obtained for the ability to com- 
prehend mechanical principles test, the 
correlation between the general verbal 
ability test scores and course grades in 


physics is .32 and in engineering draw- 
ing .15. Therefore, the mechanical 
principles test appears to be very 
much more valuable for pre3icting suc- 
cess in physics and engineering draw- 
ing than the general verbal ability test. 

The .spatial visualization test in cer- 
tain institutions correlates with grades 
in engineering drawing to the extent 
of .67. Thus, this test predicts with 
unusual accuracy the student’s achieve- 
ment in engineering drawing, and while 
thi.s subject i.s only one of the several 
subjects included in the first year of 
engineering study and is dissimilar in 
character to much of the work done 
during that year, it is nevertheless a 
prerequisite to descriptive geometry 
and to continued success in the en- 
gineering curriculum. 

One finding reported in the above 
data is of particular significance to 
guidance officers and counselors, al- 
though it has less implication for the 
coiKstruction of the aptitude test. 
This is the fact that the understanding 
of modern society test is a fair pre- 
dictor of first-term grade-point aver- 
age. While there is considerable vari- 
ation in their social studies courses and 
content in colleges of engineering, in 
many colleges considerable emphasis is 
placed upon this area of instruction. 
Thus, the guidance officer and coun- 
selor, when discusing the results of 
the aptitude test with prospective en- 
gineering students, should also point 
otit that achievement in social studies 
during the last two years of high 
school will also be an important asset 
in the college of engineering. Similar 
emphasis may be placed upon the field 
of English, but since both social stud- 
ies and English are generally required 
areas in the secondary school, at least 
through the junior year, the engi- 
neering aptitude test will not attempt 
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to provide achievement or aptitude 
tests in these areas. It should be re- 
emphasized, however, that the coun- 
selor and the student must recognize 
that an average or superior achieve- 
ment in English and social studies will 
be a decided asset to the prospective 
engineering student. 

V. Summary 

The Measurement and Guidance 
Ih'oject in Engineering Education will 
construct and validate the first form 
of the Engineering Aptitude Test for 
High School Students during the next 
school year. This paper has been con- 
cerned with plans for developing the 
tests to be included in this series. 

In summary ; 

1. It has been pointed out that there 
is a need for a guidance test at the 
high school level which will provivle 
dependable scores for purposes of ad- 
vising students of their potentiality for 
the further study of high school 
mathematics and science in prepara- 
tion for the study of engineering. It 
is beli^PH that this test should be 
administered during the sophomore 
year in high school when opportunity 
remains for students to elect further 
courses in high school science and 
mathematics. 

2. General principles of test develop- 
ment were presented. These dealt 


with the validity of the testing instru- 
ment, the reliability of the individual 
tests in the series, and the difficulty 
of the materials to be included in the 
.series. 

3. The projected series of tests 
will include tests of three major abili- 
ties : ( I ) ability to comprehend and 
interpret .scientific materials, including 
scientific vocabulary; (2) general 
mathematical ability; and (3) ability 
to comprehend mechanical principles. 
A test measuring spatial visualizing 
ability may be included in the series, 
or this test may be prepared as a 
.separate, optional test. 

4. Data concerning the validity of 
the several tests in the Pre-Engineer- 
ing Inventory were presented. These 
data indicate the advisability of pro- 
ceeding with the measurement of 
mathematical and scientific ability as 
the basis for an engineering aptitude 
test at the high school level. 

5. Finally, it must be reemphasized 
that the results of such a series of tests 
must be interpreted in light of specific 
information concerning the prerequi- 
sites of engineering curricula and the 
nature of this field of study. It was 
pointed out particularly that superior 
achievement in high school English 
and social studies will undoubtedly 
prove a highly desirable asset on the 
part of the prospective engineering 
.student. 
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1. WriAi Ha.s IB-i n Ar('OMPLisf[KD 

Before disciis.sing bpecifically tlie 
subject assigned to me this afternoon, 
T should like to review with you the 
engineering educational system and to 
recall its objectives and accomplish- 
ments in this field. With this as a 
background we can then better ap- 
preciate the problems of developing 
creative ability and more accurately 
determine their solutions. 

The great and pressing need of in- 
dustry over many years has been for 
college trained engineers who could 
analyze complicated engineering prob- 
lems by reducing them to their sim- 
plest terms and applying fundamentals 
of engineering to their solution. The 
colleges early recognized this need of 
industry and have organized their cur- 
ricula to meet it. As a result, the 
engineering curricula contain more 
theory in mathematics and science and 
more specific applications of natural 
laws to material things than any 
others. Because the graduate in in- 
dustry has been more concerned with 
the analyses of machines and processes, 
the average college student has re- 
ceived much training in analytical 
methods. This objective approach to 
engineering and science has so revo- 

♦ Presented at the 55th Annual Meeting, 
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lutionized our thinking and views of 
education in general that we have de- 
scribed it as an entirely new method 
of learning and labelled it “The Scien- 
tific Method.*’ The colleges and uni- 
versities, of this country particularly, 
have pioneered in the training of young 
men and women in this new concept 
and our industrial empire is mute te.sti- 
inony to the success of these efforts. 

Recently this Society and engineers 
generally have recognized that the en- 
gineer has a responsibility above and 
beyond that of producing materials and 
machines to raise the standard of liv- 
ing. He has also a definite responsi- 
bility to see that the products of his 
efforts are u.sed constructively and for 
the good of all. The results of this 
new thinking are contained in the re- 
ports to the Society by its Committee 
on Engineering Education After the 
War and in the definite plan of many 
schools to include in the engineering 
curricula subjects with humanistic and 
social implications in addition to the 
technical and specific. This second 
demand of industry and society in re- 
lation to the education of engineers 
has thus also been recognized by edu- 
cators generally and definite steps 
have been taken to meet it. In this 
area, however, the problem is not 
nearly so concrete nor the answers so 
obvious as in the area of purely tech- 
ie;? 
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iiical training. The shaping and mold- 
ing of the attitude and philosophy of 
prospective new engineers is a much 
a more difficult job than their technical 
training. We all recognize, however, 
wliat success in this attempt may mean, 
not only for the engineering profession 
but for society as a whole. 

II. The Problem 

The developing of creative ability 
is neither so specific as the acquiring 
of technical knowledge nor so nebu- 
lous as the creation of attitudes. How- 
ever, the developing of such ability 
presents possibly an even greater chal- 
lenge to engineering education than 
the developing of attitudes. Creative 
ability is not only a state of mind but 
also, in our society and in inefustry, 
a process of action. In a world where 
physical results are the chief measure 
of accomplishment and even of inven- 
tion, creative ability is valued only 
when it results in new methods or 
new designs. Creative ability, there- 
fore, might be considered to consist of 
two parts; mental and physical — crea- 
tive and reduction to practice — ^and 
both are essential. An artist becomes 
great only as he places on canvas the 
pictures in his imagination; a creative 
writer is recognized only by his liter- 
ary accomplishments; and a creative 
engineer will be acknowledged only as 
he reduces to practice his ideas. 

Developing creative ability from the 
standpoint of education is, thus, a prob- 
lem which requires more emphasis on 
the actual construction of devices than 
the normal engineering curriculum and 
a mental training of a character sub- 
stantially different from that of a nor- 
mal curriculum. To complicate the 
problem .still further, creative ability 
can be developed most successfully only 
by individual attention. As is true in 


almost any field, the creative mind does 
not lend itself to systematized training 
and the developing of such minds can 
therefore be approached only with a 
sincere appreciation of this fact and 
with the attitude that the educational 
s}stcm must l)c allcred wlicrevcr neces- 
sary to meet the need. 

111. Jmjnhami.etals (jv the 
Problem 

The training of people at any level 
and in any field consists of selection, 
training, and placement. Although the 
engineering college is clearly respon- 
sible only for training, its success in 
this area will be obviously effected 
by the selection of those to be trained, 
and perhaps to a lesser extent upon 
the placement of those previously 
trained. Because there generally is a 
serious lack in industry of men with 
creative ability, there are ample place- 
ment opportunities during the fore- 
seeable future. Our interest at the 
present time, therefore, is mainly con- 
cerned with selection and training. 

A. Selection 

The best engineer is one who not 
only has creative ability but also has 
a considerable amount of competence 
in engineering analysis. Those who 
have some competence in both the 
creative and analytical fields will for 
the most part, graduate from high 
school successfully and qualify for ad- 
mission to colleges and universities. 
Careful guidance and counseling of 
these men in their freshman year 
should uncover their dual abilities and 
interests and encourage maximum de- 
velopment in both areas. There are, 
however, a larger number of men who 
have a eunsidei able amount of creative 
ability with very little proficiency in 
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analysis. Because our educational 
system from the grammar school 
through the college is primarily based 
upon analytical achievement, such 
men may finish high school with poor 
records, if they graduate at all. The 
selection of those with creative abil- 
ity, therefore, cannot be adequately 
accomplished only at the high school 
graduate level. It is a job which must 
be begun in the first grade of grammar 
school. Some attempt must be made 
during this period and the high school 
experience to encourage those with 
creative ability to develop their natural 
talents rather than to stifle them with 
more and more theoretical and ana- 
lytical techniques. However, it is 
clearly impossible for the colleges to 
reach much below the high school 
graduate. Primary and secondary 
schools must accept their responsibili- 
ties in this matter and must work with 
the colleges to insure the continued 
development of creative people. We 
cannot, however, understand the whole 
problem without recognizing that the 
selection of young people with creative 
ability is not a question which can 
be completely answered by selection 
at the college level. 

Mention should certainly be made 
at this point of the technical high 
school which gives students greater 
opportunity to use their imaginations 
in the design and construction of small 
devices. Although the curriculum is 
still predominately specific and analyti- 
cal in character, most students who 
have any creative ability will have 
sufficient opportunity to demonstrate 
it during their high school experience. 
Thus, in the better technical high 
schools, an attempt is being made, 
while continuing the training in sci 
Ciice and mathematics, to encourage 
the aj)plication of creative imagination 


to problems in the design of small 
gadgets. 

With the exception of the technical 
high school experience, th^ college that 
is attempting to determine which of 
its freshmen has creative talents has 
little educational background on wliich 
to base its decisions. In fact, it may 
be obliged to discount much of the 
scholastic attainments of the average 
high school graduate if it sincerely de- 
sires to select those with such abilities. 
Usual aptitude and intelligence tests 
are almost as useless. There is some 
ho])e, however, that with the develop- 
ment of subjective tests such as the 
Rorschach, some definite criteria may 
be established for the selection of such 
people. Improved guidance counsel- 
ing, particularly in the freshman year, 
can accomplish a great deal in discover- 
ing those with creative abilities. One 
of the most definite indicators available 
to the colleges of such ability is the 
nature of the hobbies and outside in- 
terests which students have pursued. 
There are few boys without some in- 
terest in mathematics, electricity, or 
chemistry. There arc, however, rela- 
tively few who have such a high de- 
gree of interest that they will over- 
come physical difficulties to have their 
own machine shop or laboratory where 
they can rebuild automobile cngine.s 
or make power plants for boats or 
model aircraft. Even here, however, 
it is not always possible to draw the 
same conclusion from the same ap- 
parent set of facts. Two boys may 
build the same piece of equipment but 
one may build it from a standard pur- 
chased plan and kit where the other 
may develop his own design and obtain 
his own materials. Economic circum- 
stances may be respu'hsible for this dif- 
ference but often it can be traced to 
the difference in interests. Both may 
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Ik* l)iiiklei\s but only one may have a 
creative imagination. 

The selection of men with creative 
ability is a difficult but rewarding job. 
It further is absolutely essential if any 
degree of success in the developing of 
creative ability is to be obtained. What 
experience we have had in industry 
indicates that creative ability cannot 
be taught but can only be developed. 

B. Training 

Creative ability can best be de- 
\ eloped by an apprentice system where 
young men can w’ork with designers 
whose imaginations and a])ilities have 
been well demonstrated over many 
years. This apprenticeship is par- 
ticularly valuable if there is an op- 
portunity for each ‘'a])prentice” to work 
with a number of ditTerent “masters.” 
He may then catch something of the 
approach and method of each from 
wliich he will develop liis own indi- 
vidual plan. 

Tn addition t(j such assignments each 
student should ai^preciate and under- 
stand the fundamentals of engineering 
and be able to ajjply them to actual 
engineering problems. However, this 
classroom instruction should l>e much 
less intense and with more em})hasis 
upon the simple fundamentals than 
the average engineering course. The 
seminar type of instruction rather than 
lecture and recitation is much more 
effective here. The purpose of the 
study of such fundamentals is to in- 
sure that proposed changes for new 
designs are actually workable and prac- 
tical to manufacture. Class problems 
should be designed to develop the young 
engineer's ability to translate his crea- 
tive ideas into workable designs. 

During the period of training, each 
young engineer should have an op- 
portunity to develop, design, and con- 


struct at least one device of his own 
choice with the guidance and assistance 
of an outstanding designer. This proj- 
ect may not involve any ideas original 
to the art but rather a combination of 
old ideas which is new at least to the 
student. Such a project is similar in 
many respects to the senior thesis 
which many schools have eliminated. 
Insofar as the development of creative 
ability is concerned, the project or 
thesis type of course is the only real 
opportunity a student lias to try out 
his own ideas. 

IV. What Can ihk C!ollkc;k 
Do Now? 

Most of the as])ccts of the trend to 
develop creative ability in young engi- 
neers seem more adapted to industry 
than to the colleges. This, 1 think, is 
basically true. Industry will always 
have to recognize that the colleges 
cannot be expected to develop creative 
ability in young engineers in a very 
complete way. There are, however, 
several .specific steps which most col- 
leges can take to insure that, first, 
those with creative ability arc not 
eliminated from the school entirely 
or so forced through the normal edu- 
cational pattern that their college ex- 
perience is largely valueless, and sec- 
ond, adequate opportunities are given 
them to demonstrate their intuitive 
abilities. 

Because the problem is one which 
so vitally concerns industry and which 
no matter how successfully begun in 
college must be continued and extended 
in such industiy, it is essential that 
plans for stimulating creative ability 
in a college curriculum be made in 
cooperation with representatives of 
industry. To be effective, such 
representatives should be themselves 
creative designers rather than adminis- 
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trators. They should, with representa- 
tives of tlic engineering faculty, consti- 
tute a I)oard of advisors whose active 
and continued interest in the program 
will have more effect upon its success 
than any other factr)r. The represen- 
tatives of industry should also be 
carefully selected on the basis of their 
interests in education generally. Al- 
though such a hoard would probably 
have no official status, it should never- 
theless be kept continuously in contact 
with the curriculum ])y regular and 
frequent meetings at the school or at 
the plants of the industries repre- 
sented. If such a board is properly 
selected, it need he given no charter 
nor any proposed plan. It will quickly 
and enthusiastically develop its own. 
There are, however, some general sug- 
gestions which it will ])robably pro- 
pose. 

A, Design Projeds 

Most courses in design in present 
curricula consist of analyzing and test- 
ing e([uipment w^hich has already been 
designed and constructed. Such 
courses do acquaint young engineers 
with the type of equipment they may 
be expected to work with in industry. 
However with the exception of the 
most basic machinery, individual de- 
signs of equipment differ wddely from 
one manufacturer to another and the 
young graduate is not expected to be 
acquainted with such equipment when 
he is first employed. Furthermore, the 
college is expected to give the student 
basic rather than specialized instruc- 
tion, and specialized design courses 
will often give the student an errone- 
ous impression of what he may expect 
in industry. 

Other types of design courses in 
many present day curricula consist of 
calculations of specific designs patterned 


after sample calculations. The student 
merely obtains practice in juggling the 
figures to obtain a slightly different re- 
sult from that given in thc^ text with 
no real conception of the engineering 
factors involved. The use of such data 
drawn almost verbatim from a text 
requires no original thinking. Such 
calculations would be much more effec- 
tive as training if no textbook what- 
ever were provided and the student 
was asked to make certain designs 
using his own method and obtaining 
his own experimental factors. 

A third type of design is that which 
industry largely designates as drafting. 
Certainly the college does not expect to 
train exi>erts in this field ; yet many 
college courses give so much attention 
to detail drafting practices that the 
student comes to feel that design in 
industry consists principally of draft- 
ing work. Every engineer must cer- 
tainly have a minmium amount of 
sketching ability and must understand 
the rules of perspective and projection 
but such training does not require the 
use of pen and ink or even a straight 
edge. With the pressure on the engi- 
neering curriculum for the inclu.sion 
of non-technical material, we can 
hardly justify retaining such design or 
drafting courses at least in their pres- 
ent form. 

The training which all three of these 
types of design courses profess to give 
the student can be better and more 
effectively obtained through a single 
course which will further demand the 
exercise of some imagination and intui- 
tive ability. Such a course would con- 
sist of the design and construction of 
small devices selected by the student 
individually after consultation with the 
class instructor. Tf^o often in the 
past, thesis projects have been too large 
and complex and with too much em- 
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phasis upon original contributions to 
the art to be of maximum benefit to 
the student. The educational purpose 
will be better satisfied and more such 
projects can be included in a given 
class if such devices are small and 
simple rather than large and complex. 
The emphasis upon the thesis project 
is in most cases an emphasis upon 
research. By contrast, such a design 
course should stimulate the student's 
imagination and encourage him to 
make all sorts of ‘‘crack pot^' devices. 
At least one college in the Southwest 
has scheduled this type of design class 
with the condition that only students 
who have demonstrated a certain mini- 
mum amount of ingenuity and who 
strongly desire to take the class will 
be enrolled. If such a design course 
is to be effective, it must be elective 
and not required. It is a serious error 
to force the unimaginative and purely 
analytical student into such tiaining. 
It will not benefit the student involved 
and will seriously interfere with the 
training of the rest of the group. 

The course proposed is not an easy 
one to plan or control. If it is to be 
successful it requires a considerable 
amount of peisonal and continuing at- 
tention from the college administration. 
Such design classes, however, will 
stimulate interest in design and develop- 
ment to an unusual degree, will give 
adequate opportunity for instruction 
in sketching and perspective drawing, 
and will acquaint students with indus- 
trial equipment of many varieties. 

5. Participation of Indiistrial 
Designers 

Because creative ability must be 
“caught rather than taught” it is es- 
sential that men with this ability be 
brought into as direct and continuous 
a contact as possible with practicing in- 


dustrial designers and inventors. This 
may be done in at least two different 
ways. Such men should be invited 
to visit the school and work with the 
students in the laboratory and shop, 
discussing with them individually their 
projects and problems. Ample oppor- 
tunity should also be given for these 
men to speak to the group as a whole 
describing their particular approach to 
the problem of creative design and 
describing in some detail the design 
process in their respective industries. 
Students and faculty alike will be in- 
spired by a first-hand account of the 
design of a new material or device. 
Most industries will welcome the op- 
portunity to participate in a program 
of this kind and will make such men 
easily available to the schools. To 
make frequent visits of such men to 
the schools reasonable, local and near- 
by industries should be considered first 
as a source of supply. 

C. Faculty Preparation 

Since most faculty members have 
had little opportunity to exercise their 
own imaginations in terms of design, 
it is essential to jjrovide some method 
whereby those responsible for the train- 
ing and guiding of these embryo de- 
signers may develop their own creative 
ability. In some cases, this may mean 
spending a considerable period in in- 
dustry in design and development sec- 
tions where such intuitive abilities are 
required. In many cases, there will 
be no men on the staff w^ho have such 
ability and the college must look to in- 
dustry to supply them. In the past, 
such men have naturally gravitated to 
industry because of the lack of op- 
portunity to exercise their talents in 
the educational system. If a real at- 
tempt is made by the schools to de- 
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velop those students with some measure 
of creative ability, creative designers 
witli an interest in education may be 
expected to consider favorably enter- 
ing the teaching profession. 

A program for developing creative 
ability in an educational system will 
be ineffective without adequate siq^er- 
vision and instruction. This part of 
the ])robleni, therefore, is of primary 
ini])orlance to the success of the whole. 

V. Dr SIGN KOR TflE FUTURE 

Because of our pre-occuj:)atioii for 
the past many years with the education 
and training of men in theory and 
analysis, we cannot look for immediate 
results in the developing of creative 
ability. As suggested earlier, the pi*i- 
mary and secondary scIkjoIs as well 
as the colleges have a resjjonsibility to 
discover and develop such ability which 
in no j)art of the education system has, 
as yet, been ade([uately lecognized. 
The Society is to be congratulated in 
this connection for its interest in this 
field and for its desire to do something 
about it. We must expect a long and 
difficult period before any measurable 
results in terms of adequately trained 
students can be looked for. The need 
of industry for men with imagination 
and ingenuity has been steadily increas- 
ing as its needs for analysts and theo- 
retically trained personnel have been 
more nearly met. We can anticipate 
that in the future, this need will become 
more intense; and the developing of 
creative ability in college students must 
be begun at once. 

The lethargy of other parts of the 
educational system should not be an 
excuse for lack of action by the col- 
leges. Within their own sphere, insti- 


tutions of higher learning can take 
many steps to further the development 
of creative ability. 

However, in the process of stimu- 
lating ingenuity in the educational sys- 
tem, we must not overlook the fact that 
the ingenious designer is still funda- 
mentally an engineer and must have an 
understanding of the fundamentals of 
engineering. Furthermore, he is inter- 
ested in the same areas of activity as 
the other members of his class. It is, 
therefore, a grave mistake to establish 
a separate curriculum or to segregate 
those with creative abilities .from the 
re^t of the group except as their na- 
tural interests and desires dictate. A 
program to develop creative ability 
should be a part of the regular engi- 
neering curriculum and not apart from 
it. There is no excuse for establishing 
a sei)arate curriculum and the entire 
program will only be harmed thereby. 
Ikcausc true creative ability is not 
confined to a specific area of engineei- 
ing it cuts across all phases of the 
engineering field and unifies and in- 
tegrates rather than segregates or par- 
titions engineering training. A pro- 
gram for the developing of creative 
ability in an educational system must 
therefore be one common to all engi- 
neering fields if it is to be most eflFec- 
tive. 

In the last analysis, a creative de- 
signer is one who brings to bear all 
of his knowledge and all of his imagina- 
tion to the solution of a complete prob- 
lem no matter how many separate fields 
may be involved. The broader the 
training in engineering, the more op- 
portunity there exists for the develop- 
ment of creative ability and the stimu- 
lation of ingenuity. 
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Tn asking for a paper for tliis joint 
session of the Graduate Division and 
tlie Electrical Engineering Division of 
this society, yoiir chairman mentioned 
the fact that a number of colleges 
throughout the country arc expanding 
their graduate programs and that the 
point of view and experiences of a de- 
partment that has carried on graduate 
work for many years might be of in- 
terest. In accepting this Invitation, I 
am under no delusions tliat we have 
all the answers or that the answers we 
think we have to the problems of 
graduate study are the only ones, the 
best ones, or even right ones. Educa- 
tion at the advanced levels remains 
much more of an art than a science, 
guided by men and ideals. Because 
men and ideals are the primary and 
determining elements in the value and 
effectiveness of a graduate program, 
I propose to devote the major part of 
this paper to these, leaving rather minor 
emphasis on the subject of programs of 
study. 

Jdease do not misunderstand me in 
this statement. I do not* think that 
study programs are of no importance 
at the graduate level. Rather, I be- 
lieve that men and ideals are far more 
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important; and that if these are of 
suitable character and level, the ques- 
tions of study program will in the nor- 
mal course of events be given their 
due emphasis and study, with a result 
that one can justifiably expect to be 
sotmdly conceived and adequately 
])Ianned. 

Tn accord with this point of view, I 
propose to approach the subject of this 
paper as follows. First, we shall con- 
sider the objectives of graduate study 
in some detail because these are the 
necessary foundation on which to base 
any discussion of methods, study pro- 
grams, staff and facilities associated 
with a graduate school. These objec- 
tives arc illustrated by comparing char- 
acteristics of work at the undergradu- 
ate, Master's, and Doctor’s levels, and 
by examining how typical graduate 
study fields contribute to these objec- 
tives. Second, graduate work imposes 
certain requirements as to staff, fa- 
cilities, and admin strative policy that 
must be recognized and faced if a 
school is to undertake a serious gradu- 
ate program. These requirements are 
discussed. Third, there appear to be 
certain broad characteristics in terms 
of which one can describe a graduate 
study program. These I should like to 
present for your consideration. " 
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As the point of departure, we ask 
the question, “What is the purpose of 
graduate study?” The ready answer 
to this question is “specialization.” 
While in a certain broad sense this is 
true, I believe that the educator who 
goes no deeper misses the true spirit 
and purpose of graduate study. In sup- 
port of the “specialization” objective, 
an observer of my own department can 
very easily cite, for example, special 
graduate curricula formulated, with 
many a discussion, to meet certain sup- 
posed clearly specified and defined ob- 
jectives for officers of the Armed 
Services. There is some truth to the 
idea that gradute work achieves 
specialization. Nevertheless, I hold 
strongly that this is a rather super- 
ficial and obvious aspect of what a 
graduate teacher seeks to accomplish. 

The real objective is to lead the 
student to a more profound and thor- 
ough understanding of elementary sci- 
entific principles and to assist him in 
developing that mastery both of prin- 
ciple and of method of attack which 
will enable him to lead out in new fields 
with greater competence and assur- 
ance. 

Here I should like to refute once and 
for all the widely held notion that 
graduate work in electrical engineering 
is conceived as primarily preparation 
for research. Rather, graduate work 
is conceived as helping a man better 
to tackle any engineering job requiring 
a fresh and fundamental approach, as 
contrasted with competently applied 
well-known methods. 

Interestingly enough, the apparently 
“specialized” graduate subjects bring 
to the student the realization that his 
supposed understanding of elementary 
principles is restricted in scope and 
hazy in concept. This realization sends 
him back to restudy — with greater pur- 


pose and more critical perception — 
the first principles, of which he had 
previously assumed he was the master. 
Masterful grasp of first principles is 
cardinal. How often has each of us 
observed that the leader in science or 
its applications in engineering is char- 
acterized primarily by his ability to 
strip the complications from an ap- 
parently complicated situation or prob- 
lem and to bring clearly into focus the 
simple elements that are its core. 
Such ability is more valuable than any 
amount of merely specialized knowl- 
edge. 

“The “advanced” or “specialized” 
graduate subjects do, of course, provide 
a certain readiness of technique. 
These may be immediately useful and 
sometimes attractive to an employer, 
but the enduring result of graduate 
study is the deepening of understand- 
ing ^nd the developing of that compe- 
tence and assurance that enables a 
student to recognize and apply basic 
principles in new and different situa- 
tions. 

One may enlarge upon this point by 
a comparison of the undergraduate, the 
Master’s, and the Doctor’s level of 
work and outlook in engineering. 
Most of the undergraduate student’s 
time and effort is devoted in the pro- 
fessional area to learning and making 
simple applications of elementary prin- 
ciples of mathematics and physics. 
The teacher often guides the student, 
sometimes in great detail. The prob- 
lems which he is given to solve as a 
medium of learning principles do not 
vary too greatly from those discussed 
in the text or by the teacher. The 
good undergraduate teacher, of course, 
continually strives to make the student 
take steps by himself^ but the less in- 
spired teacher is prone to tell rather 
than to stimulate. Occasionally, 
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through the medium of comprehensive 
examinations or an Undergraduate 
thesis, the undergraduate student is 
presented with problems of broader 
scope and further removed from his 
previous experience than the usual 
home problems. By and large, how- 
ever, tlie undergraduate student sticks 
reasonably close to the beaten track 
along which he has been led by his 
instructor. 

The 1 beginning of graduate work can 
well mark a certain discontinuity in 
the student’s experience in regard to 
the amount of thinking he is expected 
to do for himself and the general pro- 
fessional level of his accomplishment. 
The problems that he is given should 
be stated in more general terms and as 
a consequence require more thiiiking 
and judgment for the formulation of 
their quantitative aspects than the 
problems to which he has been accus- 
tomed as an undergraduate. He should 
be expected to have to go to the litera- 
ture for assistance and even for basic 
text material more frequently than he 
ever did as an undergraduate. In the 
Master’s thesis, if he is required to do 
one, the problem should be of sub- 
stantially greater scope and difficulty 
than can be required of an undergradu- 
ate. lA all these aspects the emphasis 
is thrown much more strongly in the 
graduate year on individual initiative 
and thinking. 

At the doctorate level this stress 
on individual drive, initiative, and self- 
reliance is again increased. The doc- 
torate student is almost by definition 
one who has a large measure of ability 
to formulate and pursue, at an inde- 
pendent and scholarly level, work of 
an advanced character. This does not 
mean that he works in isolation without 
the aid of his professors and associates. 
Rather, he consults with them on a 
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personal and professional basis as one 
who, having already studied a problem 
and clearly thought out all of its 
straight-forward aspects, has singled 
out and defined the more advanced 
phases requiring creative thought and 
seeks the benefit of mutual discussion. 
Here the teacher’s function is that of 
a counsellor as to broad objectives and 
general lines of attack, who offers the 
benefit of perspective stemming from 
his experience. Detailed guidance 
would rightly be resented by the stu- 
dent. 

Thus the later stages of the doctor- 
ate program, though necessarily as- 
sociated wdth a specialized subject or 
area, are significant not because of 
this specialization but rather because 
of the relatively mature development 
of the student's skill in applying the 
scientific method, his profound under- 
standing of fundamental principles, 
and his ability to carry through inde- 
pendent, creative, and productive work 
on his own initiative. The soundness 
of this concept was demonstrated bril- 
liantly in unnumbered cases during the 
recent war, in which civilian scientists 
trained in this philosophy made out- 
standing contributions in record time 
in fields quite unrelated to any previous 
area of “specialization.” Their previous 
“.specialization” had served as the 
medium of training, not as its end. 
The concept of the doctorate as a final 
stage in the process of learning “more 
and more about less and less until one 
knows everything about nothing” is 
unsound and productive of persons of 
very limited usefulness. This does not 
mean that profound knowledge and 
competence in a particular area are not 
worth while. In fact, the great ad- 
vances in science are made by people 
in precisely this position. However 
(and this seems to me very important), 
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the ca])acity for iiidepenclent and re- 
.soiircefiil creative work bteniniing from 
a prt^foiind ^.nasp of finidamental prin- 
cii)les is the primary characteristic of 
the people who do this work ; the spe- 
cialized knowlcdije is basically inciden- 
tal. Such persons rajndlv develop 
specialized knowledge in aii\ field in 
which they need it. 

This s])ecialization-vcrsiis-decpening 
aspect of graduate work is well illus- 
trated by the e\i)eiicnces of students 
working in some of the fields which 
are currently po])ulai in electrical en- 
gineering graduate study at the Massa- 
chusetts Institute of Technology. 

Servomechanisms and automatic 
control constitute a very popular area. 
This field sounds very specialized — so 
specialized indeed that the casual ob- 
server could legitimately cjuestion 
whether, in leaching it, one has not 
forsaken fundamentals for intensive 
specialization. Almost pai adoxically 
we find in jiiactice that it becomes an 
extiaordinarily cITective medium for 
deepening and broadening the grasp 
of fundamental principles, an experi- 
ence that 1 believe many of you have 
shared. Thus one immediately comes 
face to face with the dynamics of 
lumped-parameter systems including 
active elements. Questions of dynamic 
stability and of detailed behavior un- 
der transient as well as steady-state 
conditions must be answered quanti- 
tatively. One finds that the steady- 
state 1 espouse to periodic driving 
forces over a broad frequency range 
is equally important. 

This type of analysis, of course, re- 
quires the accurate description of the 
behavior of the significant elements in 
terms of diiTerential equations, one of 
the most difficult and simultaneously 
most important components of the en- 
gineer’s discipline. In a servo system 


one encounters separately or in com- 
bination .such apparently diverse de- 
vices as : electric circuits including 
electronic devices; hydraulic amplifiers, 
pumps, motors, and transmission sys- 
tems; pneumatic .systems; and electro- 
mechanical devices, including motors, 
generators, torque motors, selsyns, 
multi-winding amplifier generators; to 
say nothing of the chemical, thermal, 
aerod>namic, incchanical, or other sys- 
tems which are integral components of 
closed-cycle systems for the control of 
such (juantities. The servo man must 
be able to deal quantitative!) and ana- 
lytically with the dynamics of such 
vaiied components and of complete 
.systems involving them. At the de- 
sign level he must understand basic 
possibilities and limitations whth a per- 
ception that ])ermits radical departures 
from previous practice. Thus the 
servo field is one that compels integra- 
tion of mechanics, hydraulics, and 
electric circuits in a way that is a joy 
to the educator. 

Another integration gn)wing out of 
automatic control is that between the 
closed-cycle control system and wdiat 
the electric network people have long 
called the feedback amplifier. In fact, 
most of the basic ideas of feedback- 
amplifier theory carr) over ^o the 
closed-cycle control theory. Thus the 
student of servomechanisms and auto- 
matic control is required to consolidate 
his elementary theory of lumped pa- 
rameter dynamic systems so thoroughly 
that he recognizes its earmarks where- 
cver he may encounter them. 

Another area that has achieved very 
wide popularity as a result of the war 
is that of microwaves. No other sub- 
ject has been nearly so effective in 
sending the electricab engineering stu- 
dent back to Maxwell to learn the 
basic physics of electrical engineering, 
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namely, electromagnetic field theory. 
Tlic radar and other pulse system ap- 
plications, most of which are at micro- 
wave frequencies, have also enforced 
the need for a clear understanding of 
simple resistance, inductance and ca- 
})acity circuits and electron tubes under 
transient as well as steady slate con- 
ditions. 

As another example of the “speciah- 
/atKjii” route to fundamentals, the field 
fif electric insulation — so long forced to 
progress along empirical lines — is now 
i)eginning to draw direct and fruitful 
support from physics and chemistry at 
a level that suggests, for the not too 
flistant future, synthesis of materials 
designed on the basis of atomic, mo- 
lecular, and crystal properties to me<‘t 
specific requirements. This applies 
not only to insulators but to semicon- 
ductors, nonlinear circuit elements, 
certain electromechanical elements, 
and plioto-sensitive devices, to mention 
a few. 

These examples in the field of servos, 
microwaves, and insulation are illus- 
trative of the way in which relatively 
borderline fields which are good sub- 
jects for graduate work throw the stu- 
dent back to a deeper and more thor- 
ough understanding of the underlying 
science than he has had to achieve 
previously. In many cases the gradu- 
ate student sees that with the help of 
more mathematics and physics he will 
get a deeper understanding of his en- 
gineering principles. Thus the whole 
spirit and trend in graduate work, 
when it is challenging and stimulating, 
is to develop a greater appreciation for 
and competence in the underlying sci- 
ence, and at the same time to provide 
a certain amount of “specialization."’ 

Of course there are those students 
of restricted horizon and limited ca- 
pacity who persist in graduate work 


and who see the specialization aspect 
but never quite grasp the deepening 
influences. Such become the graduate 
counterpart of the undergraduate who, 
having taken one professional subject 
in machine design, concludes therefrom 
that machine design is all he ever 
hopes to do throughout his life. They 
are members of the graduate-school 
community in name but not in spirit. 

Before leaving this subject of the 
objectives of graduate study, 1 should 
like to touch upon an aspect that is 
receiving increasing attention at the 
graduate level parallel to the major 
attention at the undergraduate level. 
This is general education, including 
the human-social stem. This we all 
know is a large sul)ject, too large to 
more than touch uj)on here. Never- 
theless we should all be acutely con- 
scious of what can be one of the haz- 
ards of graduate work, namely, the 
too exclusive emphasis on the quanti- 
tative and rigorous aspects of science 
and engineering. Such emphasis — to 
the exclusion of broad outlook and of 
humanizing influences — can reach the 
point where the student is abashed 
and clumsy, if not entirely uninter- 
ested, in those larger, complex, and 
inexactly understood problems of en- 
gineering and of human affairs in 
which careful weighing of conflicting 
evidence and human values rather 
than mathematical methods are the 
basic elements. Leadership cannot 
ignore, in fact must give primary at- 
tention to, such problems. Leaders are 
scarce in all fields of activity, includ- 
ing engineering. I think we should 
make a serious effort, at the graduate 
as well as at the undergraduate level, 
to enlighten the student of restricted 
outlook who would ignore any problem 
that cannot be solved in terms of equa- 
tions or numbers. As a matter of fact, 
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even in engineering and science close 
logical reasoning and mathematical 
analysis are prehaps more often used as 
a means of exploring, bounding, or 
verifying some imaginative person’s 
bright idea for solving a tough problem, 
or of explaining an unexpected experi- 
mental result, than as the means of 
discovering new ideas. That is, im- 
agination usually runs ahead of and 
leads the way for the more systematic 
and orderly process of mathematical 
thinking. Some of us educators would 
feel haj)pier if more of our Sc.D's were 
potentially fitted to step into their 
bosses’ places, where broad thinking 
is required. 

Surely, then, we should in giaduate 
as well as in other levels of engineer- 
ing education avoid that one-track 
emphasis on the mathematical reason- 
ing that leaves the student unmindful 
of or unsympathetic toward the more 
imaginative aspects of his profession, 
and toward the even more important 
qualities of personal leadership. Lead- 
ership involves broad interest, sound 
judgment, and clear perspective, as w'cll 
as energy and productiveness. Cer- 
tainly in graduate w^ork we should en- 
courage and develop these qualities of 
leadership as well as professional com- 
petence in the restricted sense. How 
to do this is another and far more 
difficult subject to which all of us need 
to give thought. The influence of 
strong able men as graduate teachers is 
one of the more obvious ways. We 
cannot solve this age-old problem here, 
but do reiterate its dominant import- 
ance. 

Having thus far considered at some 
length the objectives of graduate 
study, I turn next to the second main 
part of this paper, namely, the pre- 
requisites to A graduate-level educa- 
tional program. In this I wish to em- 


phasize again that graduate work is 
not just another year in the under- 
graduate manner. A school may do a 
good undergraduate job an^ still lack 
that which is the essence of the gradu- 
ate spirit. One cannot have a gradu- 
ate school by merely willing that one 
shall exist or by applying a name. 
Certain conditions are, I believe, es- 
sential to achieving a graduate-level 
program which I shall try to describe 
in the following paragraphs. These 
requisites are : 

1. Suitable staff 

2. Qualified students 

3. Administrative support 

The first prerequisite, suitable staff, 
is undoubtedly the most important 
single element because without it one 
can do nothing, whereas with it one is 
likely to be able to find the other 
reciuisitcs The outstanding qualifi- 
cation for a staff member for graduate 
teaching is that he shall be creative- 
minded. He must be interested in new 
ideas, have a large amount of intellec- 
tual curiosity, and be personally active 
in or associated with creative profes- 
sional work of high quality. Only 
from such a man can the graduate 
student catch the pioneering spirit. 
Only occasionally does one find a man 
who maintains the level of curiosity, 
scholarly interest and mastery, and in- 
tellectual alertness to do well in gradu- 
ate work who is not personally active 
in professional or scientific work. 
Such a man can be a good supporting 
member of the team, but the essential 
spirit comes from those who are them- 
selves creative workers. 

In addition to being a creative- 
minded person of real productivity, the 
graduate teacher — ^iir common with all 
teachers — should enjoy associating 
with and developing young people. He 
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should experience that satisfaction in 
teaching that any devoted teacher feels 
to such an extent that he is not happy 
without a class or some active associa- 
tion with students. Such a teacher 
incidentally brings vigor and freshness 
to his undergraduate students, an im- 
portant influence that a graduate school 
exerts on the undergraduate school. 

There are undergraduate teachers, 
concerned primarily with people and 
with teaching for its own sake, who 
apparently have exerted great influence 
over their students, but who at the 
professional level merely keep reason- 
ably abreast of what is going on. They 
derive their satisfaction from watching 
young people rise to the thrill of seeing 
for the first time and understanding 
ideas which, though old, arc new to 
them. Such a teacher often has a 
flair for showmanship. He enjoys 
watching the pattern of student inter- 
est develop each year as he tries new 
tricks and varies his teaching approach 
and techni(|uc from year to year with 
the idea of seeing what makes the 
students respond best. Such a teacher 
is often revered for his personal wis- 
dom and richness and is undoubtedly 
a great influence in the lives of the 
undergraduates whom he teaches. 
Such a man, however, lacks the essence 
of the graduate teacher, who needs 
above all to have that spark of imagi- 
nation, curiosity, and restlessness of 
mind that keeps him continuously ex- 
ploring into new territory. One can- 
not have a graduate teacher, merely 
by assigning supposed graduate work 
to one who by aptitude and nature is 
an elementary undergraduate teacher. 
Successful graduate work requires 
that the students experience the per- 
‘?onal influence of one who is dealing 
intimately with the frontier of knowl- 
edge in some part of the field. 


The second requisite for a graduate 
program is a suitably qualified group 
of students. Graduate work is more 
exacting, both in pace and in depth, 
than undergraduate; hence only those 
students whose general intelligence, 
background and specific preparation 
are high should be accepted in a gradu- 
ate school. Such will probably not be 
found below the top third of a strong 
undergraduate group. These qualifi- 
cations are necessary in order that the 
graduate pace and standard may be 
maintained. The real graduate spirit, 
however, comes from those who have 
something more — those who have im- 
agination and rise with enthusiasm to 
new and challenging problems and 
ideas These must have the intel- 
lectual character to think independ- 
ently for themselves. They are will- 
ing to challenge the teacher when he 
appears to be on unsound ground, a 
challenge incidentally which the real 
graduate teacher welcomes as evidence 
that his students are learning to think 
for themselves. As these students be- 
gin to have ideas of their own, their 
teacher enters his period of reward — 
that of seeing them gradually develop 
competence and then confidence to 
tackle and solve serious and difficult 
problems requiring new thinking. It 
is foi this kind of student that the 
graduate school primarily exists. The 
intelligent but unimaginative person 
may benefit, but he is essentially an 
‘‘also-ran” in the graduate school. 
This second requisite is, then, a stu- 
dent body whose minimum of intel- 
lectual qualifications is high but which 
includes a substantial fraction of those 
having the mettle and spirit of creative- 
ness. 

The third of the three requisites for 
graduate work, administrative support, 
is almost equally as important as the 
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other two. Adniinibtrative support cx- 
j^rcsses itself in a variety of ways. 
First, and foremost, it recognizes tlie 
creative type of staff rerjuired for 
graduate work and piovides the en- 
vironment that is requisite to securing 
and sustaining the creative activity of 
such a staff. 

Most im])ortant among these cn- 
environinental factors arc suitable 
teaching loads and the opportunity for 
individual j)rofessional work either 
within the institution or in consulting 
for industry or government. (Gradu- 
ate teaching requires much moic i)rcpa- 
ration than undergraduate teaching. 
In this statement I am assuming that 
even the undergraduate teacher of 
comiietence has few pages in his work- 
ing notes that are more than a few 
years old. The graduate course that 
is given twice without change is be- 
coming stereotyped, while a third 
repetition means that decadence has 
set in. It takes time and study in 
generous measure to conduct a gradu- 
ate course worthy of the name. If the 
administration persists in including 
graduate teaching as a jiart of a heavy 
teaching schedule, the result is simply 
stated: The graduate course ceases 
to be a graduate course. 

Comparable in importance with suit- 
able teaching loads as an environmental 
factor is the opportunity for individual 
professional work. We are here talk- 
ing not about the pot-boiling work of 
routine character but rather about the 
research or professional consultation 
that requires and challenges the best 
efforts. 

Research programs within the insti- 
tution that are well integrated with 
graduate work can be a very valuable 
influence and opportunity. Adminis- 
trative support of such programs thus 
becomes a great aid to graduate work, 


both by attracting and encouraging 
suitable staff and by providing oppor- 
tunity for staff and graduate-student 
participation in live and going projects. 
Such research must be wofthy of the 
name, that is, must involve real and 
new problems in contrast to glorified 
testing programs that occasionally are 
dignified by the term research. 

Consulting can furnish equally valu- 
able intellectual nourishment for the 
staff and live sulDj’ect matter for stu- 
dents, though it usually lacks the op- 
portunity foi direct student participa- 
tion. 

We all know that “light’^ teaching 
loads and opportunities for outside pro- 
fessional work or research can be and 
occasionally are abused. This has no 
pertinence to their essentiality for the 
graduate teacher. Jt merely means 
that character, conscience, and a sense 
of fitness are as important in the 
graduate teacher as in any other person 
to whom is entrusted a large measure 
of freedom and responsibilty. 

Another way in which administra- 
tive support is required, though I sus- 
pect this is far less of a practical prob- 
lem than those factors we have been 
discussing, is student selection. Any 
faculty group that is charged with the 
responsibility for administering a 
graduate program must have substan- 
tial autonomy in selecting the students 
it will admit to graduate work and in 
setting standards for degree recommen- 
dations. The problem of administra- 
tive support here is probably less 
difficult at the graduate than at the 
undergraduate level but it is neverthe- 
less important. 

Finally, administrative support is 
essential in the matter of physical plant 
and facilities, particularly laboratories 
and the library. The graduate student 
who is to do experimental investigative 
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work must have space, he must have 
equipment, and he must have access to 
shop facilities. The equipment need 
not be elaborate, though the lack of 
some types of expensive equipment may 
automatically bar certain lines of in- 
vestigation. Access to shop facilities 
is probably more important than ex- 
tensive equipment, since the good ex- 
perimenter can almost be defined as the 
one who, given access to the storeroom 
and a reasonable stock of materials, can 
devise much of his own equipment. Of 
course if one has, through institutional, 
industrial, or governmental funds, the 
opportunity to have well -developed and 
instrumented lal)oralories, tlie student 
is spared some of this eflFort tc^gether 
with some of the valuable education 
that goes with it. 

Among physical facilities an ade- 
quate library must be recognized as 
one of the most vital to graduate work. 
This library must be easily accessible. 
Pretcrably it occupies space contiguous 
to the laboratories, classrooms, and 
offices of the staff. A working library 
for a department giving graduate work 
at the Master’s level should include all 
of the standard texts and references 
in the field as well as the principal 
works in adjacent fields, such as 
mathematics and physics. Tn periodi- 
cals, a good coverage of domestic 
journals should be included plus a few 
of the more important foreign periodi- 
cals. For doctorate work none of the 
reasonably useful domestic or well- 
known foreign periodicals can be 
omitted. Also, the coverage in the 
underlying sciences should include 
those items to which fhe inquiring 
graduate student will want to refer. 

In the library, as elsewhere, staff 
quality is cardinal. A library without 
an able and enthusiastic librarian is 
like a laboratory without a good in- 


structor. Tn either case the physical 
facility alone has little influence on 
student thought and education. With 
able leadership each becomes an inspir- 
ing and influential teaching medium, 
the library being quite commensurate 
with the laboratory in importance. 

Tn the foregoing discussion of requi- 
sites for graduate w(jrk, the first — and 
the one to be most emphasized — is 
suitable staff. Certain qualities were 
stressed as of prime importance. How 
can one determine these qualities? 
What tests can one apply to a prospec- 
tive graduate teacher to ascertain 
whether he has these qualities ? There 
are three tests that are obviously sig- 
nificant. They are: first, the candi- 
date’s standing in the profession; sec- 
ond, his interest in education ; and 
third, his personal qualities. 

What are the evidences of standing 
in the profession ? One evidence, 
which I wish to qualify carefully be- 
cause it is so easily misunderstood and 
abused, is professional publication. 
The abuse can occur when publication 
is made a requirement for, rathe ■ than 
an evidence of, professional standing. 
The natural response to the require- 
ment of publication as a qualification 
is that an ambitious person will pub- 
lish, and publish voluminously, whether 
he has anything worth publishing or 
not. We are probably all familiar 
with this sort of perennial author. On 
the other and positive side, however, 
it is clear that professional publica- 
tions that are recognized as worth- 
while contributions by workers in the 
field are meaningful evidence of pro- 
fessional competence and activity. 
That is, to regard publication as an 
absolute requisite is erroneous and 
dangerous; to regard good publication 
as tangible evidence of ability is sound. 
In the absence of good publication. 
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however, one must insist upon alterna- 
tive evidences of professional compe- 
tence and vigor. Another criterion of 
professional standing is the record of 
a person’s activity in industry, in con- 
sulting, or in other forms of engineer- 
ing practice. vSuch a record should 
show ratlier important responsibility 
ably and imaginatively discharged. 
Mere competent carrying-out of rec- 
f)gnized engineering procedures is not 
sufficient. There should be clear-cut 
evidence of personal contributions of 
such sort that publication, if approj)ri- 
ate, would be clearly merited. 

The person who is known solely as 
a good teacher, though he may do good 
and valuable work, docs not bring to a 
graduate school one of its absolutely 
essential components, namely, personal 
participation in a creative engineering 
activity. This staff qualification of 
personal jiarticipation and creative en- 
gineering activity is stressed very 
heavily, because only when this type 
of thinking is present are the con- 
ditions met that make graduate work 
more than a prolongation of under- 
graduate learning. 

What about the Doctor’s degree? 
The answer is that a good man often 
has one. Also the holder of the doc- 
torate is often a good man. To go 
further than this is to invite confusion 
between the clothes and the man. All 
too often the degree is regarded as the 
magic touchstone that eliminates the 
need for a searching and critical ap- 
prai.sal. 

The second criterion for a success- 
ful graduate teacher is that common 
to all teaching, namely, a devotion to 
teaching activity. It is the joy in 
seeing young people grow and in as- 
siting them to grow. Neither crea- 
tive ability nor devotion to teaching 
alone can provide the essential gradu- 


ate spirit. Both qualifications are es- 
sential. The degree to which a candi- 
date for graduate teaching meets the 
second requirement is usually readily 
determined by the candidate’s own ex- 
pressed interests. Very few persons 
will say they like to teach if they do 
not, in fact, enjoy it. 

The third criterion, personal quali- 
fications, is at once difficult to formu- 
late and important to apply. The 
student emulates those whom he re- 
spects and ignores those whom he 
docs not respect. Those whom he 
emulates must be worthy of emulation 
in character and in person. They set 
the tone of the school. Those whom 
he does not respect contribute little to 
the student and are a dead weight on 
the standing of the school. By ‘‘re- 
spect/’ I of course do not mean the out- 
ward manners of deference that stu- 
dents naturally accord the position 
rather than the man. I do mean the 
appraisal that the students reveal 
among themselves in their private and 
brutally frank dormitory sessions. I 
have much confidence that able gradu- 
ate students distinguish cannily be- 
tween the mere “good fellow” and the 
man of intellectual substance, char- 
acter, and power. 

Having considered the “philosophy” 
part of the paper in terms of the ob- 
jectives of graduate study and the 
requisites to their achievement, we 
turn briefly to that part pertaining to 
curricular content. Space does not 
permit much more than an enumera- 
tion of the important characteristics of 
a graduate program in electrical en- 
gineering, this subject being quite 
sufficient for a paper of its own. 
However, mention of the highlights 
will perhaps give an indication of how 
the foregoing philosophy is embodied 
in the program of a graduate student 
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at my institution. These character- 
istics are the following: 

1. ludwidual Treatment oj Students 

Because of the widely varied back- 
grounds, preparation, experience, and 
interests of individual graduate stu- 
dents, an individual program devised 
after a deliberate and thorough study 
of his needs jointly by him and a wise 
faculty advisor is about the only sound 
solution of the graduate curriculum 
question. 

2. Individual Unified Proqrain jor 

Each Student 

Good integration of individual 
courses toward a central interest is re- 
quired to attain the objective of depth 
in graduate study. The scope per- 
mitted by this objective is normally 
broader for doctorate than for Mas- 
ter’s work. 

3. Relatively Fciu Sniiulfaneous 
Responsibilities 

Serious graduate study is incom- 
patible with more than a few simul- 
taneous responsibilities. A maximum 
of four or five courses, and these not 
unrelated, are enough at the start, 
grading to one or two major activities 
near the end of a doctorate program. 

4. Reinjorccmcnt of Gaps in 
Preparation 

Insufficient preparation for gradu- 
ate subjects should be frankly recog- 
nized as such and corrected by needed 
preliminary undergraduate^work, rather 
than have the student attempt to do 
advanced work without adequate 
grounding, a procedure which usually 
results in a casualty either to the stu- 
dent or to the class. 


5. Further Work in Mathematics 

and Physics 

Many students at the graduate level 
sen'-e the importance of further scien- 
tific grounding, an attitude to be fos- 
tered and encouraged. 

6. Advanced Professional Subjects 

nr Courses 

These arc what the average gradu- 
ate student expects to take and auto- 
matically includes in his program. 

7. Interdepartmental Relations and 

Interactions 

Departmental lines should be con- 
sidered purely administrative con- 
veniences without intrinsic significance 
at the professional level, which stu- 
dents ajid staff should ignore in the 
pursuit of their scientific endeavor. 

8. Further Work in Expression 

We believe that continued emphasis 
on writing and speaking is justified 
at the graduate level, to the extent of 
requiring that every graduate student 
prepare and deliver a substantial pro- 
fessional paper of broad and critical 
character, the preparation proceeding 
through several drafts if necessary to 
attain a high standard. 

9. General Education 

The i>eriod of giaduate study is not 
too late to strengthen and broaden in- 
terests anil understanding outside of 
the strictly professional field; in fact, 
once aroused, the motivation in the 
graduate student is likely to be strong. 
We are actively experimenting along 
these lines. 

10. Modern Language 

For the Master’s degree we require 
one, and for the Doctor’s degree two, 
modern foreign languages of profes- 
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sioiial importance at the technical 
reading level. Recent e>:|)erience 
.shows that this skill can be attained 
in one term without prior preparation 

11. Rescan h 

We rate v(My highly the educational 
value of the skillfully supervised 
graduate the.sis lesearch, considering 
it the most impoitant single compo- 
nent of the prfigram. 

Within the foregoing geneial speci- 
fications a matin e advisor designs 
jointly with the student an initial 
program that is altered term by term 
as may prove desirable in restionsc to 
changing student interest, to particu- 
lar strengths or weaknesses that de- 
velop, or to other changing circum- 
stances. This process we believe is 
far .sounder than a set cuniculum at 
the graduate level and is our answ'cr to 
the graduate ctiiriculuin problem. 

Stimmari/ing this pajier, I would 
again emphasi/e that the objectives of 
graduate work aie to prepare students 
more fully for undertaking responsi- 
bilities dei)arting from the conventional 
or routine areas of engineering. One 
thus pr(‘|)ares them by bringing them 
face to face with the need for a more 
profound study and undei standing of 
scientific principles and with the neces- 
sity of thinking independently in teims 
of these principles on new problems. 
This, rather than so-called specializa- 
tion, is the fundamental purj^ose of 
graduate study. In line wdth this ob- 


jective, theie have been presented cer- 
tain conditions that may be regarded 
as essential to graduate education 
worthy of the name. These are: first 
and foremost, suitable staft with par- 
ticular empha.sis on creativeness; sec- 
ond, students having the attitude and 
qualities of mind that can benefit from 
graduate study ; and third, adequate 
administrative support in matters 
requisite to graduate education. Cer- 
tain criteria w^erc stated by which one 
can test the qualifications of staff to 
train graduate students, 'fhe subject 
of graduate curricula was approached 
by giving a number of characteristics 
wdiich the writer and his associates 
regard as important in designing 
giaduate piograms of study, among 
which the design of each student’s 
program to fit his specific background, 
needs, and interc.sts, ranks high. 

In conclusion, we should carry on 
and develop our graduate programs 
not with the thought of ])roducing 
cloistered specialists but with the ideal 
of implementing potential leaders in 
science and in technology and in the 
impact of these on the afifairs of men. 
This we can do by helping these stu- 
dents to a deepened grasp on the 
pow'ei of the scientific method. We 
can develop in them the confidence 
that this method, when skillfully ap- 
plied and when com])ined wdth a gen- 
erous mcasuie of human insight and 
wisdom, can contribute greatly to hu- 
man welfare. 
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\ N'lKODlJCTION 

Mechanical engineering education, 
concerned as it is with developing 
puis.rr and making things, naturally 
involves theoretical and experimental 
courses in each of these fields. The 
basic problems involved in the develop- 
ment of laboratories and laboratory 
courses in power subjects are dupli- 
cated in the manufacturing processes 
of metal cutting, forming and casting 
and in the design functions of stresses, 
vihiation and control experiments. 

In all cases it is fairly easy to state 
geneial aims and objectives, hut 
([uite another thing to develop the 
actual e.xperiments, laboratory facili- 
ties, leaching .staff and student atti- 
tude to really accomplish them. Since 
poor results are usually the result of 
meflPective execution and not of faulty 
intentions, this discussion will be con- 
cerned with some specific and practi- 
cal problems of laboratory develop- 
ment. 

Functional Laboratories 

In far too many cases of laboratory 
course content is determined largely 
by the experiments that can be readily 
performed on existing or slightly al- 
tered permanent equipmefit. In en- 
tirely too few instances does it prove 
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possible to design an experimental 
program to fit a given subject matter 
and then tt) build a laboratory to per- 
form those functions. Mechanical engi- 
neering laboratories are too often in a 
position comparable to that of a factory 
with a fixed plant ecjuipment and ar- 
rangement that is faced with constantly 
changing products and processes. 

That nebulous group of ideas so 
blithely referred to as fundamentals 
is constantly evolving and because new 
and revised text books go to all schools, 
class room courses can be kept up to 
date without ton much effort. Labora- 
tories, on the other hand, have a dis- 
concerting habit of not evolving and 
of lagging not just years but student 
generations behind in the func^^ions 
they should perform. When labora- 
tory revisions do occur they are usu- 
ally widely spaced and painful up- 
heavals that are, on the average, at 
least ten years overdue. 

There must be some rather definite 
reasons why such a situation should 
constantly plague mechanical engineer- 
ing educators and if there are reasons 
by the same token, there should exist 
at least partial cures. 

Lessons from the Past 

The experience of planning and re- 
organizing the laboratories of four de- 
partments of mechanical engineering 
and of working in a large industrial 
laboratory during the past seventeen 
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years has resulted in the conviction 
that laboratory planning of the past 
has had some inherent weaknesses. It 
should he useful to list and study the 
more glaringly apparent of these faults. 

(1) Individual pieces of equipment 
have been excessively large and space 
consuming, much too expensive and 
entirely too inflexible. There are cer- 
tain possible explanations for this. 

(a) Commercial equipment was gen- 
erally used instead of developing ap- 
paratus especially designed for educa- 
tional needs. 

(h') There has been a distinct ten- 
dency to look upon laboratory courses 
as training in test procedures and not 
as an approach to education from the 
point of view of scientific experimen- 
tation. 

(2) Use factors of equipment and 
laboratory space have been entirely too 
low. In general this is the re.sult of 
two things. 

(a) Again, the equipment has been 
excessively large, single-purpose ap- 
paratus originally designed for indus- 
trial and not for educational service. 

(h') Valuable laboratory space has 
been occupied year after year by obso- 
lete and unused equipment. In far too 
many laboratories it is possible to 
throw away a third of the apparatus 
without touching anything that has had 
appreciable use in five years. 

(3) In medium and large sized 
schools particularly, there has been an 
ever widening gap between laboratory 
and class room teaching and teachers. 
This has produced two undesirable re- 
sults. 

(a) It has had the effect of conceal- 
ing from students the complete inter- 
dependance between theory and ex- 
periment. 

(b) It has increased the temptation 


to permit laboratories to become obso- 
lete by making laboratory courses 
things that can remain unchanged 
even when the theory courses do 
progress. * 

Subject Matter Laboratories 

Successive attempts have evolved a 
scheme which can be called a subject 
matter laboratory using small, flexibly 
arranged equipment that gives prom- 
ise of avoiding many of the troubles 
previously listed. The general idea 
may be illustrated by discussing a lab- 
oratory devoted to the general subject 
of heat transfer. 

To begin with, if it is one large lab- 
oratory space and not a group of small 
special purpose rooms, the space use 
factors can be much higher and the 
temptation to let fixed installations be- 
come obsolete is definitely reduced. 
Also, if heat transfer experiments at 
all educational levels including gradu- 
ate work are performed in the same 
space with flexibly arranged equip- 
ment, the use factor of apparatus and 
instruments can be easily increased. 

The disadvantages of having several 
student groups in one area is more 
than offset by the improvement in stu- 
dent morale and interest. Juniors do- 
ing a rather simple experiment may 
be working in the laboratory simul- 
taneously with seniors or graduate 
students doing advanced work and this 
makes an almost miraculous change 
in student attitude and interest. It 
even brings about the very desirable 
situation of advanced students volun- 
tarily aiding with the instruction of 
beginners. 

The center of the air work in such 
a heat transfer laboratory could well 
be a double compartmented plenum 
chamber designed to meter almost any 
quantity of air depending upon the 
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number of nozzles opened up between 
the two compartments. As many as 
three independent fan or blower set- 
ups can be ready for operation on the 
inlet side and an equal number of tests 
requiring air can be in operation on 
the discharge side. Internal sealing 
doors can make it possible to close 
off all installations except the one in 
use and a complete change over to an- 
other test may be made in a few min- 
utes. A junior test could be operating 
(me period, a senior set-up the next, 
and at the same time a graduate re- 
search project could be in place. 

Such equipment as heat exchangers, 
spray chambers, burners for hot gases, 
etc., would be portable units of the 
same capacity that could be put in 
place on the discharge side of the 
plenum chamber or arranged in any 
combination. By avoiding the use of 
fixed arrangements, permanently con- 
nected together, the temptation to per- 
mit laboratory equipment to become 
frozen and obsolete is greatly reduced. 
New arrangements to fit changing 
needs can be readily and cheaply made 
and a minimum amount of single pur- 
pose industrial type equipment would 
be used. There would be no real 
need for any unit to involve over ten 
horse power, so the total investment 
could be kept low. 

The first step in the development of 
such laboratories is to hire about three 
good machinists. After going through 
each course to determine the points 
that need an experimental approach, 
the next step is to assign the jobs of 
evolving the necessary experiments 
and apparatus to the more ingenious 
and imaginative members of the staff. 
The surprise that always comes with 
such a development is the small por- 
tion of the resulting laboratory that 
uses standard commercial equipment. 


This is just as it should be, for the 
real purpose of experimental educa- 
tion is to teach the men who are to 
develop the next generation of equip- 
ment and not just to train them to test 
a past generation of apparatus. 

Laboratories in General 

This discussion could do no better 
than to terminate with a plea that real 
experimental education receive more 
emphasis in mechanical engineering. 
A changing point of view is clearly re- 
flected by the disappearance of book 
titles such as “Experimental Engineer- 
ing*' and the appearance of books called 
“Plant Testing" and “Laboratory 
Manuals." Too often all instruction 
is done in theory classes and labora- 
tory work is routine and laboratories 
are uninteresting. 

A properly planned laboratory is a 
powerful leaching tool. Such things 
as partial pressures, characteristics of 
vapors, differences between internal 
energy and enthalpy, momentum con- 
cept any many other basic points can 
be best taught in the laboratory. Far 
too often the professor who lectures 
in a classroom is prone to think of the 
laboratory only as a place where 
younger teachers must toil out an ap- 
prenticeship biding the time when they 
will be admitted into the fraternity of 
theory teachers. 

Engineering is an experimental sci- 
ence, not an accumulation of immu- 
table laws, and generation after gen- 
eration of textbook scientists could 
dry up mechanical engineering prog- 
ress. Laboratory courses that awaken 
keen interest in both students and 
teaching staff are too few but not too 
difficult to realize. It is time to cease 
lip service to laboratories and njake 
them into the vital educational influ- 
ences that they are pretended to be. 



The Place of Engineering Experiment Stations 
in Agricultural Engineering* 

By ROY M. GREEN 

Dean of llnyinccring , Unircrsity of Nebraska 


This cannot presume to be a discus- 
sion by an expert in the held of Agri- 
cultural Engineering. It is only in- 
tended to he an attempt to make an 
elementary theoretical analysis of the 
subject by one who has been a sympa- 
thetic observer of the trends of develop- 
ment in this field. For the purpose of 
this discussion the title should be 
changed to the general theme of the 
place of Engineering Experiment Sta- 
tions in the full development of the 
Agricultural Engineering profession. 

Argicultitral Enginekring 

The whole profession of engineering 
is struggling for a place of maturity 
among the more stabilized and in some 
places more highly respected profes- 
sions. Agricultural Engineering is one 
of the more youthful branches of the 
profession. Its youth gives it the vir- 
tues of enthusiasm and freedom from 
prejudice on the part of its members. 
It also poses problems of interest and 
importance for the consideration of its 
professional Society, 

The American Society of Agricul- 
tural Engineers has been concerned 
with the matter of accrediting cur- 
ricula in the various colleges and uni- 
versities. The recent tentative solu- 
tion of this problem by obtaining 

♦ Presented at the 55th Annual Meeting, 
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representation on ECPD accrediting 
('ommittces and working cooperatively 
with other engineers and engineering 
educators seems logical. The matter 
of legal registration of Agricultural 
Engineers before the various State 
Examining Boards is another problem 
requiring careful consideration. It is 
hoped that a solution of this situation 
may come about through finding a 
means of cooperative action. 

Profession ia Devki.opment 

Because the whole profession of en- 
gineering is relatively young and be- 
cause Agricultural Engineeing is one 
of the more recently established 
branches of the profession it may serve 
us well to examine the basic elements 
necessary for the full development of 
any learned profession. 

A well developed profession is the 
product of the work of specially 
equipped men. Special knowledge de- 
termines it identity. Motives or ideals 
give it spirit and direction. Ignoring 
the risk of over-simplification it is sug- 
gested that a truly professional motive 
should result in an intense feeling of 
compulsion leading to three forms of 
expres.sion. 

1. The urge to improve knowledge. 

2. The urge to share this knowledge 
and its benefits. 
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3. The urge for recognition among 
all men. 

The Urge to Improve Knowledge 

A profession is in its first process 
of development when its members are 
zealously searching for ways in which 
its special knowledge may be extended 
and improved. Professional men are, 
therefore, usually alert and responsive 
when asked to discuss the educational 
j)rogram of their particular calling, 
liach year the leading members of the 
\arious professional societies add to 
the volume of significant information 
which constitutes the knowledge pe- 
culiarly theirs. This compelling mo- 
tive keeps the profession alive, and is 
therefore a primary necessity for pro- 
fessional existence. 

The Urge to Share Knowledge 
AND Its Benefits 

Possession of the most profound 
knowledge of a particular subject 
field by those in a given group, how- 
ever, has never earned for them the 
dignity of being a profession. A pro- 
fession comes into being only after 
this know’ledge is used for the benefit 
of others. The desire to share knowT 
edge results in the two cumulative 
rewards : first, that of creating the 
best conditions for its own increase, 
and second, by making its values more 
universally recognized. We have, 
therefore, created professional societies 
to furnish an ideal place for sharing 
knowledge of new developments with 
others in our own areas of interest. 
The practice of the profession consists 
of making our knowledge useful in the 
lives of others. The value and sig- 
nificance of the service to others is the 
element which gives tone and dignity 
to the profession and justifies its ex- 
istance. 


The Urge for Status Among 
All Men 

The members of any professional 
group are ill at ease so long as they feel 
other learned men do not appreciate 
the true value of their services. The 
whole engineering profession is in that 
state of development where it is not 
assured of this high esteem.. Because 
recognition has not yet been univers- 
ally accorded we hear the complaint 
that few people know what the Engi- 
neer does and very few arc willing to 
pay the engineer full value for his 
services as a fair return for his cost of 
education. 

In this simple explanation of profes- 
sional development please note that 
each of the basic urges leads to the 
next following. It is imi)ossible to 
start with the third and work toward 
the first. When knowledge is increas- 
ing rapidly and is being liberally shared 
with others ‘"status” among men will 
grow and the comj)cnsation of the prac- 
titioner will increase. 

The Place of the Enchneering 
Experiment Station 

What is the place of the Engineer- 
ing Experiment Station in this process 
of professional growth of Agricultural 
Engineering? The Engineering Ex- 
periment Station is the ideal agency to 
carry on the process of extending and 
improving knowledge in Agricultural 
hmgineering. In the education of the 
student it is known that we teach best 
by example. If we expect our gradu- 
ates to extend and improve their knowl- 
edge in professional work we should, 
by example, be enthusiastically carry- 
ing on the same process. One of the 
most obvious places to carry on this 
process is in the activities of the Ex- 
periment Station. If full development 
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of the profession is only possible 
through sharing with others the bene- 
fits of our knowledge we should be 
working on projects which are helpful 
to other groups of men. In our case 
these are the numerous groups who are 
vitally concerned with Agriculture 
from weather, soil and seed, to human 
food and manufactured product. It 
would then naturally follow that most 
of our projects would fall in the gen- 
eral classification of applied rather than 
fundamental research. The best and 
probably only way to obtain “status” 
is by becoming an important contribu- 
tor to the solution of problems which 
confront other people. By finding 
some easier or quicker way of doing 
work or more profitable method of 
processing or storing our products or 
creating a more pleasant place in which 
to live we thereby lift ourselves in the 
esteem of others. This is the purpose 
of an Engineering Experiment Station. 

Experiment Station Details 

How can the Engineering Experi- 
ment Station do its best work? If the 
Experiment Station is to be of maxi- 
mum value in working out applications 
in Agricultural Engineering it will be 
necessary to draw freely from the re- 
sources of many other men of science 
and engineering. Our problems are so 
interrelated that few really important 
projects can be adequately studied by 
drawing upon the resources of single 
individuals or from only one special 
interest group. It would seem that 
Agricultural Engineering problems 
could best be attacked where it is pos- 
sible to call upon the resources of the 
physicist, the chemist, the bacteriolo- 
gist and other men of science and upon 
the electrical, mechanical, civil and 
chemical engineer. 


If maximum values to the Agricul- 
tural Engineering profession are to re- 
sult from the activities of the experi- 
ment station, projects should be se- 
lected which are of vital mterest to 
the people residing within the area of 
service of the station. There is no 
engineering school in the United States 
which is without vital and interesting 
research questions of particular sig- 
nificance to the welfare of its own 
region. Agricultural Engineering wdll 
have achieved national recognition 
when it has gained the high respect of 
the citizenry of each of the various 
regions. Support^will be given agen- 
cies which earn respect through such 
constructive service. 

To illustrate this theory we might 
use the region in which Nebraska is 
located. The peoples of our area are 
interested in the development of new 
machinery which would eliminate or 
decrease the necessity for “stoop” 
labor, such as potato harvesting and 
sugar beet harvesting. The cultiva- 
tion of castor beans is increasing as an 
industrial crop. The development of 
a harvester for this crop would be 
helpful. 

In the building field there is still a 
great possibility of designing for more 
economical construction for greater 
utilization of local building materials 
and the adoption of some of the newer 
construction materials to particular 
conditions in Nebraska. Our combina- 
tion of wind and sunshine are unusu- 
ally destructive to paint. Studies of 
special protective coatings for struc- 
tures exposed to weather might be ap- 
propriate. 

In the reclamation field we must 
move toward better development of 
wells for irrigation tod general water 
supply. A study of all methods of 
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land preparation for irrigation would 
be appropriate for any school located 
in the upper reaches of the Missouri 
River Basin. Ingenious erosion con- 
trol structures have not yet all been 
conceived. 

Rural electrification is still in the 
expanding period in our region. The 
possibilities of greater use of this 
power have scarcely been touched. 

We in Nebraska believe that small 
communities have special social values 
and that it would be a national calam- 
ity if they were lost. They can best be 
picserved by making it possible to have 
conveniences more readily available to 
the citizens outside the larger towns 
and cities and thereby make living 
more interesting and pleasant. 


This is not an exhaustive listing of 
potential possibilities but they illus- 
trate the fact that a combined engineer- 
ing attack should be made upon them. 
The Agricultural Engineer, if he is to 
develop himself and his opportunities, 
must join with all men of science and 
engineering in serving his region. 

It should be plain that the place 
of Engineering Experiment Stations 
in Agricultural Engineering extends 
throughout the whole pattern of de- 
velopment of the profession including 
the responsibility to expand and im- 
prove knowledge, the sharing of 
knowledge so that all may benefit and 
finally in creating the condition where 
engineering may deserve a position of 
high esteem among all men. 



A Curriculum for Metallurgical Engineering’ 

9 

By J, P. SPIELMAN 

Professor of Metallurgy, Montana School of Mines 


It is a genuine pleasure to be in at- 
tendance for the first time at a national 
convention of our society. It would 
also be a pleasure to pose this after- 
noon as a great educator and student 
and to promise you a scholarly paper 
dedicated to the theory of higher edu- 
cation. But I can do none of these 
things and must plead guilty to being 
a neophyte in the field of education 
and guilty to being largely a student 
of industry and of industrial research. 
As a result, my presentation of the 
subject “Curricula for Metallurgical 
Engineers” must be partly from the 
standpoint of an outsider and partly 
from the standpoint of one so new to 
the great profession of teaching that 
he does not recognize sacred ground 
when it is seen. 

It is advisable to make clear at the 
outset that this discussion is concerned 
with curricula leading to the Bachel- 
or’s degree in Metallurgical Engineer- 
ing ; curricula designed primarily to 
train men to enter the profession di- 
rectly or to continue their studies in 
the graduate school. 

I wish to make clear that there is 
no curriculum for metallurgical engi- 
neering. Like all other engineering 
problems many acceptable solutions are 
possible, each accomplishing the desired 
result. This is because our educa- 
tional institutions differ widely in 
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equipment and personnel, and still more 
widely in raw material. The basic 
problem in all institutions, however, is 
“What shall we teach and how shall 
we teach it?” This is not a new prob- 
lem but the age old one, aggravated 
by the great social and technological 
changes of the times. It is the simple 
jdant problem of the best process to 
convert a given raw' material into a 
given end product, complicated to some 
degree by the desirability of retaining 
the individual characteristics of the 
raw material. 

Let us for the moment relegate this 
problem to the field of engineering, re- 
duce it to its simplest form, solve the 
component part and then inject into 
the solution the human element, the in- 
dividualisms of the raw material and 
the processor. 

The production of any material is 
predicated t)n a market, a demand for 
a material of relatively definite specifi- 
cations to meet a specific need. This 
is equally true of our educational proc- 
esses in certain fields and we are justi- 
fied in assuming that a demand does 
exist for metallurgical engineers and 
that it will continue to exist. The 
first portion of our problem then is 
to determine the general specifications 
of our product. Considering ourselves, 
the educators, as the processors, it is 
not for us to say what specifications 
our product should have but rather 
for industry, the customer, to specify 
148 



A CURRICULUM FOR METALLURGICAL ENGINEERING 


149 


(neglecting momentarily the graduate 
school). Many articles and surveys 
liave been published on this subject 
, (luring the past several years and rec- 
ommendations of our society are an 
authoritative guide. I wish to make a 
brief presentation of these specifica- 
tions, however, from another source 
because it comes directly from industry 
independent of any organized survey. 
The following specifications for the 
newly graduated metallurgical engi- 
neer are taken from several lumdred 
personal communications and inter- 
views with industrial leaders and prac- 
ticing metallurgicai engineers: 

1. lie must l)e able to speak and 
write the English language correctly 
and with reasonable fluency. 

2. He must be thoroughly grounded 
in the basic sciences and the funda- 
mentals of metallurgy and engineer- 
ing. 

3. He must be inculcated with the 
engineering approach to a problem and 
the engineering method of solving it. 

4. He must have a knowledge of 
the functioning and the problems of 
the society of which he is a part and 
he must be willing and able to assume 
more than an average share of the re- 
sponsibilities of citizenship. 

5. He must have a knowledge of the 
field of human engineering. 

6. He must have imagination, initia- 
tive, ingenuity and integrity. 

7. He should enter industry with 
some understanding of the economic 
structure of American business. 

8. He must be willing to work for 
his place in the professvion, learning 
as he does so. 

These specifications are general over 
the nation with no differentiation by 
geographical location and no differen- 


tiation by fields or branches of the 
industry. It will be noted that in the 
above requirements there is no men- 
tion of the specific ability to do certain 
things. This, I believe, is a most sig- 
nificant fact and is a definite trend 
throughout industry — a radical change 
from the years past when we were 
forced to take much of the students 
time for the presentation of “bread and 
butter courses” in order to insure him 
employment. All of our larger metal- 
lurgical enterprises have inaugurated 
training pre^grams of one type or an- 
other. Of the programs of this type 
w'hich r have examined during the 
past tw'o years, the shortest covered 
a period of three months and the long- 
est a period of nearly three years. This 
is a positive indication that industry 
prefers to teach the “how” of metal- 
lurgy. The only exception to the above 
seems to be small operators and an 
examination of their plants reveals that 
they hire few, if any, new graduates, 
preferring to hire men w'ith several 
years of industrial experience. 

Another definite and significant con- 
clusion can be drawn from these speci- 
fications. Scholastic standing has and 
alw’ays will be an important criteria 
in the evaluation of a graduate but it 
is not the sole criteria and in many 
cases is not considered the most im- 
portant. Industry holds, and right- 
fully so, that the graduate with the 
greatest engineering promise is the 
man possessing the greatest number 
of the desired characteristics all to a 
reasonable degree. In other words, 
the student who might have had an A 
but took a R in order to devote time 
to experimentation in student govern- 
ment, forensics, and music; in order 
to devote time to the study of current 
labor legislation and labor relations 
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and to do library work in allied fields 
not covered in the classroom. In- 
dustry is going much deeper into the 
(jualifications of its potential metal- 
lurgical engineers than the veneer which 
is indicated by a cold scholastic aver- 
age. It is seeking the man with the 
solid foundation on whicli to build a 
professional career, the man who can 
earn and hold the respect of his fellow 
workers and his fellow citizens. In- 
dustry no longer looks to the colleges 
for a supply of technicians hut for a 
supply of educated individuals from 
which true professional engineers can 
l>e developed. 

This phase of our problem intrigues 
me because of my years of industrial 
training and if time permitted I could 
speak about it endlessly but I would 
like to close this discussion of our end 
product with the words of a dear 
friend, one of the outstanding metal- 
lurgical engineers of the West. While 
discussing these problems with him 
some 18 months ago I hastily outlined 
.some of the changes I contemplated in 
our scholastic program. I must have 
waxed rather enthusisastic because 
when I stopped for lack of breath he 
took advantage of the pause to say, 
‘‘That sounds very interesting and I 
am sure will prove successful, but re- 
member, zve in industry make the en- 
gineer, YOU SHAPE THE MAN 

In the period since this interview 
my studies of industry’s requirements 
of new graduates have continued and 
have covered the United States and 
much of Canada and Mexico. The fur- 
ther I go into the subject the more I 
am convinced that this statement re- 
duces this phase of our problem to the 
simplest terms. Not just the shaping 
of the character of the man but the 
shaping of his mind — ^his imagination 


— his professional ethics — ^his judgment 
— ^his tolerance — and the shaping of 
the foundation on which industry will 
erect the structure which is the pro- 
fessional metallurgical engineer. This 
then is our job. 

Before deciding on the processes by 
which we will shape this product we 
must first examine our raw material 
— the individuals entering our colleges 
and whom we must develop into po- 
tential metallurgical engineers. I do 
not believe that our veteran students 
pose a special problem. It is unfortu- 
nate that at this time of great social and 
technological changes, with the moral 
obligations on our educational institu- 
tions greater than at any time in his- 
tory that tlie physical problems result- 
ing from the veterans return should 
be of such magnitude that in many 
cases they mask the basic problems of 
education. Most of the problems of 
the veteran student are physical ; hous- 
ing, classroom and laboratory space, 
equipment, staff, and personal prob- 
lems aggravated by the age and ex- 
periences of the student. Education- 
ally, however, they are the product of 
our secondary schools and while they 
will, to some extent, affect the “How 
to teach” portion of our problem they 
do not alter the “What to teach.” 
We must also, in long range planning, 
and I believe all curriculum planning 
should be long range, consider the 
veteran class of students as temporary. 

We are all familiar with the educa- 
tional procedures of our secondary 
schools and although we all feel that 
they should produce for us a tailor 
made product we must realize that this 
is impossible. To briefly restate our 
problem we must accept as our raw 
material both youngs and older stu- 
dents, expecting them to be weaker 
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in cultural subjects, especially English, 
broader in their scientific horizons and 
in their knowledge of world affairs, 
more independent in their thoughts 
and actions and in all cases eager for 
technical training and somewhat re- 
sentful of the required cultural and 
Humanistic-Social training. From 
this raw material we must shape a man 
grounded in the sciences, in his re- 
sponsibilities to society and possessing 
all the traditional characteristics of an 
educated person. 

There are hundreds of ways to reach 
this objective aiil I would not presume 
to offer a minutely planned fool-proof 
solution adaptable to all institutions 
and all individuals. I wish to present, 
however, a solution to the problem 
which I believe embodies all^ the basic 
elements in a balanced relation one to 
another. Time will not permit a de- 
tailed discussion of all elements or all 
the reasons for the solution. This is 
not necessary for like all problems, 
when the various elements are seen 
clearly, the .solution is obvious and 
simple. I propose the following cur- 
riculum under six major headings and 
beg your indulgence in my deviation 
from the conventional sub-headings. 

Group I. Basic Engineering Sub- 
jects — 15.0% of total required hours. 

These should include drawing, de- 
scriptive geometry, surveying, topo- 
graphic drawing, applied mechanics, hy- 
draulics, strength of materials, and 
electrical engineering. 

Group II. English — 6.0%. 

This should include literature (both 
technical and classic), composition 
(written and oral) and technical and 
business writing. Courses in public 
speaking have been included eleswhere. 
These courses should be very carefully 
planned to make them interesting and 


definitely should not be a rehash of 
high school grammar courses. Proper 
presentation of these courses is a real 
challenge to our English departments 
and they must meet it. 

Group III. Humanistic-Social Group 
— IS.0%. ^ 

This group should be fluid to allow 
for adjustments to meet the needs of 
individuals. In general, I like to bal- 
ance roughly six sub-groups as fol- 
lows : History — 20% ; Economics — 
20% ; Political Science — 20% ; Soci- 
ology — 20% ; Psychology — 10% ; Pub- 
lic Speaking — 10%. I like public 
speaking included as an integral part 
of this stem. Where better to study 
parliamentary procedures than concur- 
rently with political science, or debate 
than concurrently with economics or 
sociology or history? I also believe 
that into this stem sliould be woven the 
hours for a foreign language by adjust- 
ment of the balance or if necessary or 
desirable by adding hours to the sched- 
ule. 

Group IV. Basic Sciences — v^S.0%. 

These should include: Chemistry — 
45.0% and the courses should cover 
General Chemistry, Qualitative and 
Quantitative Analysis, Physical Chem- 
istry, Electro-Chemistry, Organic 
Chemistry, and Chemical Thermo-dy- 
namics. Physics — 25.0% and should 
include at least one good course in 
Modern or Advanced Physics to in- 
clude the tlieory of radiations, elec- 
tronics, etc. Mathematics — 30.0% ; 
and may I say that there is never too 
much mathematics in a curriculum for 
metallurgical engineering. 

In connection with the basic sciences 
I will risk my professional head and 
express the wish that it were possible 
to include some hours in the basic 
science of biology in all engineering 
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curricula. It does not seem to me that 
omission of some training in the great 
science of life is compatible with true 
education. 

Group V. Mining and Geology — 

6.0%. 

These sliould include Historical Ge- 
ology, Mineralogy, and a survey of 
Mining Practice and Mining Law. 
The courses should be ])lanned to fur- 
nish a knowledge of the earth on which 
we live and to l^roaden the students 
knowledge of the general field of the 
mineral industry. 

Group VI. Metallurgy — 23.0%. 

I should like to dwell for a short 
time on this portion of the curriculum 
because it is with the subjects of metal- 
lurgy that we arc most directly con- 
cerned. The first question is “What 
shall we teach ?“ and in direct answer 
to this question I say with all the 
sincerity I possess, “It does not mat- 
ter so long as we avoid over-specializa- 
tion as we would a plague aftd so long 
as it is truly well taught!” Ovi- 
ously, no two people would present 
the same material even under the 
same course title and the same course 
description. Obviously, no two col- 
leges will be identically equipped and 
staffed. I believe, however, in a more 
or less general guide on the distribution 
of time to the various fields of metal- 
lurgy. All students should have a 
good introduction to general metal- 
lurgy, metallurgical calculations and 
metallurgical laboratory procedures. 
This should be allotted about % of 
the total time. Another % of the time 
should be allotted for training in the 
great field of Mineral Dressing and 
another % of the time for such courses 
as Fire As.saying, Thesis, seminar and 
plant study. The remaining Y* of the 
total time should be equally divided 


between extractive and adaptive sub- 
jects. The extractive subjects must 
include all of the processes, hydro-, 
pyro- and electro-metallurgical. The 
adaptive coutses must include* physical 
metallurgy, metallography, ferrous and 
non-ferrous alloys and heterogeneous 
equilibrium. All of these courses must 
be held to fundamentals in order to 
economically utilize the students time 
and to avoid teaching much that will 
be obsolete by the time the student 
begins to practice his profession. 

A word at this point about fire as- 
saying and the time allotted to it. I 
maintain that it is .not our function 
to train assayers and furthermore that 
the determination of gold and silver 
values is basically just another quanti- 
tative chemical determination. I also 
hold, however, that a well planned and 
wtII taught course in fire assaying can 
and should be a most effective intro- 
duction to pyro-metallurgy and that 
the time devoted to it is justified for 
this reason and for this reason alone. 
The effectiveness of the course depends 
entirely on how^ and by whom the 
course is taught — a competent metal- 
lurgist or an assayer. My own recent 
experience has proved the value of a 
proper course in fire assaying beyond 
the shadow of a doubt. 

In teaching the processes I believe 
that we must constantly remind our- 
selves of industry’s part in the de- 
velopment of the engineer. Let us 
leave to them the portion of the train- 
ing which is rightfully theirs. Fifty 
years ago the problem of presenting 
the processes was a relatively simple 
one. The number of industrial metals 
were few and they were studied one 
at a time with all the details of their 
respective processes. Today, with our 
almost endless list of industrial metals 
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this is impossible and undesirable. Im- 
possible because of lack of time and 
undesirable because of rapidly changing 
processes. But the properties of 
metals and their compounds and the 
fundamental principles of our basic 
processes do not change. It seems 
desirable then to recommend the teach- 
ing of extractive metallurgy, or as I 
prefer to call it ‘‘chemical metailurgy/’ 
from the standpoint of the unit proc- 
esses emphasizing the basic scientific 
principles of each. I frequently liken 
the metallurgical engineer to a painter, 
who with a few basic colors selects 
those he needs, blends them together 
and produces a new color — so the 
metallurgical engineer with a few basic 
])roccsses selects those best suited to 
the solution of a given problem, com- 
bines them and a complete new proc- 
ess or plant results. Many problems 
should be presented with such a course, 
first to drive home the application of 
the principle and second because the 
metallurgical engineer who cannot 
calculate has lost the race before the 
starting gun has been fired. 

The subjects in adaptive metallurgy 
must be sufficiently broad to draw 
heavily on the students previous train- 
ing in physics and mathematics. How 
this is to be accomplished is an in- 
dividual problem but the student must 
complete the courses with a thorough 
understanding, of the basic principles 
of equilibrium, the nature of metals 
and alloys and some knowledge of 
modern tools for research in this field, 
i,r., radiography, diffraction patterns, 
the electronic microscope, etc. 

I believe implicity" in the under- 
graduate thesis. This is a milestone 
in the student’s career, a finale to his 
training which he prizes highly. There 
is, however, danger in this course. 


We must exercise the greatest care 
that we do not try to make the student 
run before we have taught him to 
walk. Many students suffer severe 
frustration over a thesis problem 
through no fault of their own. Origi- 
nal and independent re.search is most 
difficult for the average undergradu- 
ate because many subjects basic to his 
problem are being studied concurrently 
with the research. I believe that thesis 
problems should be carefully planned 
in advance so the student can be led 
without his realization to a definite 
and positive solution accumulating 
some negative information along the 
way. The problem and its solution 
should be planned to accomplish cer- 
tain definite things aside from the 
actual writing of the report. (1) It 
should fire the student’s imagination 
and create a thirst for new knowledge. 
In other words it should awaken a 
true research sipirt. (2) It should 
teach him to see and record that which 
has actually occurred and not that 
which is expected or hoped for. (3) 
It must teach the value of negative in- 
formation as well as the value of posi- 
tive information. (4) It must make 
him feel that he has contributed some- 
thing definite to the w'orld’s store of 
knowledge. 

During my years of industrial re- 
search I had three problems with 
young engineers bearing on these 
points. The first was to train them 
to see and record that which had ac- 
tually occurred — not the hoped for oc- 
currence. I believe this is the result 
of too many cut-and-dried experiments 
where the answer or result is known 
before the experiment is performed and 
anticipation masks true observation. I 
should refer to these as exercises, not 
experiments. The second problem was 
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the careful accurate and complete re- 
cording of negative information. The 
old answer. “It didn’t work, so why 
bother,” was invariably given. This 
reflects a lack of professional training, 
a lack of the true research spirit. They 
have no thought for the people or the 
work which is to follow. The third 
great problem was imagination, or 
rather a lack of it. Much can be done 
to develop imagination in a carefully 
planned thesis, in fact, throughout the 
entire curriculum and it is here that 
we must cease to consider our students 
as raw material and delve into the 
personal traits of each individual in 
order to develop to the fullest the ram- 
pant imagination present in every 
youth. 

How to do this specifically and how 
to teach in general are questions 1 can- 
not answer. I know, however, that 
every teacher must, in his own way, 
do more than teach, he must inspire 
at all times. Each of us must exem- 
plify in every way and at all times 
the true American way of life if we 
are to shape the men our students will 
become. Research is one way to ac- 
complish this. A sage, long since for- 
gotten, defined teaching as “seeking 
and transmitting truth.” In my simple 
one track mind I have never been able 
to separate the search from the trans- 
mission or the transmission from the 
search — they are as inseparable as the 
gold dust twins. Any curriculum not 
constantly enriched by research is drab 
indeed and doomed to failure. Any 
teacher who does not inspire himself 
and his students by research is in a 
rut and the only difference between a 
rut and a grave is in the depth. Let 
us not have in our metallurgy depart- 
ments teachers who die at 28 and are 
buried some fifty years later. 


In connection with teaching I wish 
to mention two more courses, the most 
important to a successful engineer but 
not listed in the curriculum. They 
must, however, be there. These are 
courses in “Judgment” and “Toler- 
ance.” With these subjects mastered 
the metallurgical engineer will be a 
classic success, without them he will 
be a monumental failure. They must 
be taught in every course, in every 
classroom and laboratory, and by every 
teacher. In addition to teaching them 
we must live them every minute of 
every day. We all recognize that all 
the student learns frcun his teachers is 
not passed out in the classroom as 
information, much is in the very at- 
mosphere of the college, and in the 
personality of the teacher. These 
things all teach judgment and toler- 
ance, fire imagination, develop con- 
sideration for others, gracious living, 
the enjoyment of life, and instill a 
real appreciation of a professional 
career. 

Time does not permit a longer dis- 
cussion of these points and many more 
must be omitted. I wish to mention 
briefly only a few more matters. Our 
curricula must be sufficiently fluid to 
allow each student some selection of 
subjects within certain broad fields 
but in such a way that the balance 
is maintained. It must also be suffi- 
ciently fluid to allow us to accommo- 
date the outstanding student, the man 
born to research. Of this student I 
say, “Take him to your breast and 
nurture him as you would an orchid 
for in his development lies the great 
compensation of teaching, and still 
more important, he is the insurance for 
the future of our profession and our 
Country.” These men should be des- 
tined for the graduate school which is, 
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of course, the place for specialization 
and research. I do not propose a 
discussion of the graduate school ex- 
cept to say that the above curriculum 
is an excellent preparation. 

This curriculum does not present 
the problem of what to include but 
rather of what to exclude and to ac- 
complish our objective we must be 
constantly weighing each course and 
all the subject matter therein, ruth- 
lessly eliminating any material when 
we discover something else will serve 
our purpose better. I emphasize 
“eliminating’' because we are all by 
nature possessed of the weakness to 
add and never to subtract. We must 
remember that the only way to add 
new cordage to a rope of maximum 
size and length is to remove some of 
the old. 


We all recognize that the wotld has 
entered into a new technical era. I 
believe that the program outlined 
above will adequately prepare our 
metallurgical engineers to take their 
rightful place in this new world. I 
also believe that the time to begin pre- 
paring them for this place is now! 
It is true that there is a great demand 
for engineers at the present time and 
the report of the committee on man- 
power indicates that our engineering 
colleges are in a seller’s market. But 
this will not always be true, and 
whether it is or is not, our job is still to 
produce the best possible potential 
metallurgical engineers. We must 
shape an educated man from which 
industry will shape a professional en- 
gineer. 



A Modern Tower of Babel 


By J. ANTONIO THOMEN 

Professor, Unh'crsity of Santo Domingo, Dominican Republic 


Thousands of years ago, so the story 
is told, men, in their desire to reach 
Heaven, conceived the idea and un- 
dertook the task of building the Tower 
of Babel, and, as a punishment for 
their boldness, Jehova brought con- 
fusion among them by changing their 
language into different ones, so they 
could not have understanding among 
themselves, and so they failed in their 
task. Tn this story 'TTeaven’' may 
be construed as Happiness Through 
Understanding. 

Many years after that experience 
men decided that the pursuit of happi- 
ness is one of their inalienable rights, 
but much has lieen said and little done 
to attain it through understanding. 

Tt is very unfortunate that men 
have given up hope or the desire of 
an universal language as Esperanto 
was once expected to become. It seems 
that the adoption of an existing langu- 
age is impractical because of rivalries 
among peoples. It is also a pity that 
Latin was dropped long ago as the 
language of learned men. 

There is no doubt that great progress 
in the sciences and mathematics was 
made in the Renaissance because men 
of different nations communicated their 
discoveries to others who would de- 
velop them, and the unfortunate inci- 
dent between Newton and Leibnitz in 
the field of mathematics can be con- 
sidered as an isolated case caused by 


Newton’s reluctance to publish his 
early discoveries. 

Whatever motives led Newton tn 
keep his discoveries to himself or in- 
duced Leonardo da Vinci to write in 
hieroglyphics, it is interesting to note 
that Descartes and Newton published 
the Discours and the Principia through 
the advice or efforts of others. There 
seems to have existed a sort of selfish- 
ness. pride or uninterested greed in 
men of science who treasured their 
discoveries as modern inventors treas- 
ure their inventions. It is possible 
that this attitude still exists in our 
days, but we must see to it that 
whatever is published shall not be 
left to be rediscovered in our time. 

There is no doubt that much hap])i- 
ness can be attained through under- 
standing among men. Great benefits 
can also be obtained. But understand- 
ing requires a common language and 
engineers should have a common 
language of symbols, definitions, units 
and conventions. 

The American Society for Engineer- 
ing Education has been very fore- 
sighted to invite observers from the 
Latin American countries to its An- 
nual Convention of this year in Min- 
neapolis. This is an excellent way 
of seeking understanding among the 
men of the engineering profession who 
should have a common language. 

Therefore, for the benefits which 
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will obviously be obtained thereby, it 
is hereby moved: 

That the American Society for En- 
' gineering Education Recommend the 
Adoption of International Normal 
Symbols for the Different Subjects 
Treated by Engineers; That it Pro- 
mote the Publication of Comprehen- 
sive Standard Books on the Said Sub- 
jects; and That It Start and Eolloiv 
a Movement for the Use of the Metric 
System of Units in All the Subjects 
Treated by Engineers, as It Is Used 
in Physics, in Electrical Engineering 
and in Laboratories, 

Many motives can be brought forth 
to add weight to this motion. I shall 
endeavor to be brief b} using a few 
illustrations. 

One motive is exempli tied by the 
mission of Mr. S. S. Steinberg, as ex- 
plained in the paper presented by him 
in the S4th Annual Meeting of the 
S.P.E.E. : the carrying out of this mo- 
tion is a first step toward the attain- 
ment of the purposes of his trip to 
South America. American books and 
periodicals wall be more widely read 
by Latin American engineers when so 
much decipherment become unneces- 
sary and, this being eliminated, a 
wdder interchange of puldications, in- 
formation and knowdedge among en- 
gineers will result. This will also pro- 
mote the study of one another’s langu- 
ages, thus making possible the ex- 
change of engineering professors 
among different universities and coun- 
tries. 

A second motive for the present 
motion is that it affords the solution 
to the difficulties encountered in the 
“Coordination of Teaching in Physics 
and Engineering Mechanics.” In the 


article and discussions published in 
the Journal of April 1947 under the 
title just quoted, the difficulties that 
the student goes through in passing 
from the study of Physics to that of 
Mechanics are mentioned. The ex- 
perience is well remembered by all 
those wdio had to “unlearn” their 
Physics (as Mr. Schubmehl puts it). 
On this question Mr. Potter puts his 
finger in the sore spot when he writes : 
“In Physics we are afflicted with the 
necessity (of teaching Metric as well 
as English system).” The correct 
statement should have been: “In Me- 
chanics wc arc afflicted with the use 
of the English system.” 

A third motive has its origin in the 
Uict that engineering education is ever 
tending to be more humanistic and 
the engineer must therefore have more 
expedient means for deepening his in- 
formation by studying the matter of 
his subjects from different sources, 
written with the same symbols, sign 
conventions and units as he studied 
the elements of the subject while in 
school, lest he has to “unlearn” that 
which he already know’s, before he 
can become proficient in any one field. 

The chapter on the Slope Deflection 
li(luations which is found in practi- 
cally all the books on Reinforced Con- 
crete and on the Theory and Design 
of Structures may be taken as an 
example to make this point clear. The 
difference in the presentation by the 
different authors usually consists in a 
new convention of signs, a different 
figure used in the derivation of the 
equations and various changes in the 
exposition by means of which the au- 
thor con^plies with the usual “This 
book or any part thereof must not be 
reproduced. . . On the other 
hand, many important points in the 
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original sources are left out in the 
new presentations, as happened, to 
name an example, in the case of the 
semi-graphic solution of compound 
stresses given by Rankine in his Ap- 
plied Mechanics, a method which is so 
appropriate for visualizing purposes. 

It is hoped that this motion, which 


to some may appear as an insur- 
mountable mountain, will be received 
in good heart and that the modern 
engineers may set the example by 
building this modern Tower oi Babel 
and thus the Lord, with his blessing, 
reverse the judgment of the Terrible 
God of the Ancients. 
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trical Engineering, Illinois Institute of 
Technology, Chicago, 111. T. J. Higgins, 
G. F. Levy. 

Waner, N. S., Instructor in Heating, 


Temple University, Philadelphia, Penna. 
J. A. Goff, G. H. Bush. 

Yaroch, William L., Instructor in Chemi- 
cal Engineering, University of Detroit, 
Detroit, Mich. H. Gudebski, C. N. Dun- 
combe. 

89 new members, 10-3-47 



Necrology 

William Elgin Wickenden 


The death of William Elgin Wick- 
enden, fortieth President and eighth 
Lamme Medalist of the American So- 
ciety for Engineering Education, 
brings to an untimely close one of the 
most brilliant and fruitful careers in 
the history of engineering education. 
Dr. Wickenden’s death, at his summer 
home at JaflFrey, New Hampshire, oc- 
curred on September 1, 1947, but a 
few hours after his retirement as 
President of Case Institute of Tech- 
nology, a post he had occupied since 
1929. He was approaching his sixty- 
fifth birthday. He is survived by his 
wife, Marion Lamb Wickenden, his 
son William C., and his daughter 
Elizabeth. 

Dr. Wickenden was a native of 
Ohio, and was awarded the baccalaure- 
ate degree by Denison University in 
1904. He pursued graduate courses 
at the University of Wisconsin, and 
served as instructor at that institution 
from 1905 to 1909. From 1909 to 
1918, he served successively as Assist- 
ant Professor and Associate Professor 
of Electrical Engineering at the Massa- 
chusetts Institute of Technology. He 
then transferred to industry, continu- 
ing his career in educational work as 
Personnel Manager of Western Elec- 
tric Company from 1918 to 1921, and 
as Assistant Vice President of the 
American Telephone and Telegraph 
Company from 1921 to 1923. These 
positions broadened his educational 


experience and brought him into con- 
tact with many of the men in engineer- 
ing education with whom he was later 
to be intimately associated for the rest 
of his life. 

It was during this period that he 
made a noteworthy address at the An- 
nual Convention of the Society at 
C ornell University, in 1923. This ad- 
dress, which showed his remarkable 
powers of analysis, interpretation, and 
expression, was made at the time when 
the Board of Investigation and Co- 
ordination of the Society was about to 
launch its great study of engineering 
education, and confirmed the belief that 
Dr. Wickenden should become its di- 
rector. For the next seven years, he 
rendered distinguished service to engi- 
neering education, through the results 
achieved by the investigation, which 
have served ever since as a major in- 
fluence in setting the general pattern of 
engineering education in this country. 

In 1929, upon completion of the in- 
vestigation, Dr. Wickenden became 
President of the Case Institute of 
Technology, where he served until his 
retirement. But his service to engi- 
neering education did not end with 
the completion of the investigation. He 
continued to exercise strong influence 
upon the ideals and standards of the 
engineering profession at large. He 
was one of the founding^ members of 
Engineers* Council for Professional 
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Development, a Fellow and Vice 
President of the American Association 
for the Advancement of Science, and 
Vice President and President of the 
American Institute of Electrical Engi- 
neers. A week before his death, he 
had been appointed as a representative 
for engineering on the United States 
Commission of tlie United Nations 
Educational, Scientific, and Cultural 
Organization, perhaps the crowning 
appointment of his career. He also 
served as a member of tlie two recent 
committees of 1940 and 1944, on the 
Aims and Scope of Engineering Edu- 
cation and on Engineering Education 
After the War, and on the committee 
which framed the recently adopted new 
Constitution of the Society. 

Dr. Wickenden exemplifted in his 
own career many of the ideals he ex- 
pressed for his i)rofession, including 
what he termed a sustaining interest 
and relationship to national and civic 
cultural activities. TIis membership 
in twenty- five societies and organiza- 
tions was not merely the act of joining 
them; he rendered active service as 
counselor, participant, and leader in 
their affairs. Dr. Wickenden was 
noted, among other qualities, for his 
conspicuous ability as a writer and 
speaker, and for the clarity and fluency 
of his expressions. This was not a 
mere matter of superficial fluency; it 
was based upon the more fundamental 
qualities of a quick and virile mind, 
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a great fund of information, the ability 
to analyze clearly and sirnply, and to 
grasp quickly the broader aspects and 
implications of a great variety of prob- 
lems. What Dr. Wickenden wrote 
and said was based upon clear think- 
ing, and the lucidity of his remarks 
upon knowledge transmitted through 
accurately chosen words. A study of 
one of his contributions to the litera- 
ture of engineering education, of which 
his “Comparative Study of Engineer- 
ing Education in the United States and 
in Europe, 1929,” is one of the most 
outstanding, will reveal an astonishing 
amount of information, arranged in 
clear and coherent form, and a dis- 
cerning analysis of a complex and 
varied situation, all presented in 
simple tabulations and clear language. 

Dr. Wickenden was a man of fine- 
ness and strength of character. He 
possessed an attractive personality, 
which impiessed itself at once upon 
those he met. His friendships were 
staunch and lasting, and he was led 
to the accomplishments of his career 
by an impelling motive of puolic serv- 
ice. 

Dr. Wickenden’s loss is indeed a 
severe one to education and public 
affairs in the United States, and es- 
pecially to engineering education, but 
the results of his work will continue 
for many years to constitute the most 
substantial monument that could be 
erected to his life and career. 



Frederic Lendall Bishop 


It was on August 26, 1876, that 
Frederic Lendall Bishop was born in 
St. Johnshiirg, Vermont. It was on 
October 11, 1947, that he died in Pitts- 
burgh, Pennsylvania. During this span 
of busy years he saw the infant Society 
for the Promotion of Engineering Edu- 
cation grow from a membership of 415 
in 1907 (the Society was founded in 
1894 with a membership of 156) and 
mature into the American Society for 
Engineering Educatioti with a member- 
ship of over 5000 in 1947. 

Dr. Bishop obtained his first degree 
at Massachusetts Institute of Technol- 
ogy in 1898 and his l^h.D, in Physics 
at the University of Chicago in 1905. 
He became a member of the Faculty 
of the Physics Department at the Uni- 
versity of Pittsburgh in 1909. Dr. 
Bishop was Dean of tlie College of 
Engineering from 1910 to 1927 and 
was one of the pioneers in introducing 
the cooperative system into Engineer- 
ing Education. In 1927, his love of 
teaching led him to desert academic ad- 
ministration and return to the class 
room teaching of Physics. He was 
Head of the Department of Physics at 
the time of his death. He was a mem- 
ber of many scientific groups including 
the American Institute of Electrical 
Engineers, the Engineering Society of 


Western Pennsylvania and the Ameri- 
can Physical Society. The University 
Club of Pittsburgh and the Cosmos 
Club of Washington knew him as a 
genial member. 

Dr. Bishop became a member of the 
Society for the Promotion of Engineer- 
ing Education in 1907, a member of 
Council in 1912, and the Secretary of 
the Society in 1914. It was not by 
chance that this Society has unique 
characteristics; it was because of the 
keen understanding of this man for 
engineering education and engineering 
educators that the characteristics of 
this Society are as they exist. One 
.sen.ses this uniqueness. It is inde- 
finable. It is Frederic Lendall Bishop. 

Dr. Bishop was not one to employ 
the h'nglish language to confu.se issues. 
His methods and his language were 
direct and to the point. His stand on 
a point at issue was straightforward, 
and unmistakable. In a word, he was 
intellectually courageous. To his hosts 
of friends all over the world he was 
kind and considerate, thoughtful and 
humorous, stimulating and generous. 

His passing is a distinct shock to his 
many friends and a tragic loss to the 
Society where his advice and counsel 
would be priceless at this .stage of de- 
velopment of the Society. 




APPLICATION ENGINEER 

The Story oj 
Frank Lewis 

Struggling to become airborne in the teeth 
of an Aleutian gale, the B-25 in which Frank 
Lewis was serving as co-pilot spun down into 
a fiery crash. Frank took the long way home. 
Badly burned about the face and shoulders, 
he spent two years in Army hospitals. 

When he came back to work at General 
Electric this spring he had been away exactly 
six years. He had forgotten a lot, changed a 
lot since the days when, fresh out of the State 
College of Washington, he had worked on 
“Test’* with G.E. 

He took naturally, therefore, to the G-E 
Rotating Engineering Plan— especially set 
up to give the veteran a period or familiariza- 
tion and general orientation. 

“The idea worked fine,” Frank says. “Any 
department I was interested in was ready to 
open its doors for me so I could come in and 
look it over. When I found a groove that 
suited me, that’s where I would stick.*’ 

Frank decided to stick with application 
engineering. His work proved he was capable 
of it. On August 1, he took over a desk and 
drew the first important assignment of his 
new career. 

For your copy of “Careers in the Elec- 
trical Industry,” write to Dept. 237-6, 
General Electric Co,, Scheneaaay, N. Y. 


After six years of Army service, Frank is 
today tackling his first assignments as a 
General Electric application engineer. 





i 
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Critically injured in a plane crash, Frank 
spent two years in Army hospitals before 
resuming his engineering career. 


GENERAL H ELECTRIC 
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FUNDAMENTALS OF 
ENGINEERING 

DRAWING REVISED 

By WARREN J. LUZADDER 

# After y«art of outetending clattroom success, Lhis importanE text 
has been thoroughly revised and newly illustrated. As in the original 
edition, the revision emphasizes basic principles, includes nearly 1,000 
carefully drawn illustrations, and progresses in step-by-step explana- 
tions — making it practically a self-teaching text. 

# Material expanded on dimensioning, screw threads and fasteners, 

and Freehand drawing. 

# Material on inicwork and tracing rewritten and combined into one 

chapter. 

# Many new problems added to the principal chapters. " 

# Improved organization of material. 

# Pictorial sketching has been added. 

# New tables, bibliographies, standard abbreviations. 


DESCRIPTIVE 

GEOMETRY 


By EARLE F. WATTS and JOHN T. RULE 

• To emphasize graphics as an analytical tool, and to develop the 
student's ability to solve problems graphically, is the purpose of this 
well-planned volume. The authors begin with Orthographic Projec- 
tion and develop their material in an orderly, precise manner right 
through to Practical Applications, covering The Systematic Solution 
of Problems, Graphical Computation, Polyhedrons, Curved Surfaces, 
etc. The teaching is not limited to one method of attack — either 
the "direct" or "Mongean." Consequently, the book points out the 
various possibilities of attack on this basic group of problems under^ 
lying the subject. 

\ For use as a basic text in Descriptive Geometry, Engineering 
• j Drawing, or Graphics courses | suitable for either the first or 
( second semester courses of the first year Engineering courses. 


S«nd for your approval eopios 

I mnmniiiiiiiiiiimiimniiiiniittniiiniinmMHiiiiiiiiHiHiim 

PROmCE-HAU. INC,< I 

MamnaiuiiiiMuiiiiBmHiimaBamaRRaan 
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ELECTRICAL 

ENGINEERING 

By FRED H. PUMPHREY 

# Th(i thorough text treats basic theory and fundamentals, and applies 
them to the various fields of engineering. Students of these other 
branches of engineering can find here the knowledge of electrical 
engineering they will need. Careful selection has been made 
throughout of only the essentra/ material. 

Note these outstanding features: 

# Clear presentation of physical concepts. 

# Large number of illustrations and illustrative problems. 

# Motor application studied from the point of view of the load to 

be driven. 

# Application of electrical engineering studied by chapters in which 

the application is the central problem, rather than an illustration 
of a theory. 


CIRCUIT ANALYSIS BY 
LABORATORY METHODS 

By CARL E, SKRODER and M. STANLEY HELM 

• This is the only book on the market entirely devoted to the study 
of electrical circuits. Its purpose is to provide in a single volume a 
wide selection of laboratory circuit problems, with a comprehensive 
discussion of: 

• The related circuit theory and laws. 

• The theory and limitations of instruments used in circuit measure- 

ments. 

• The methods of making measurements in circuits. 

• Kirchhoff's laws (one complete chapter). 

Thus the student is furnished with all information necessary in 
preparing for laboratory work, and for interpreting and analyzing data 
and results. 

S*n<l for your approval copies 

I liiiiiiiiiniiiiiiiimimiiiiiiiiiHiiHiiiiiiiiimiiiHiiiiiiiiiim 

PRENTICE-HAU. INC, 

HNNRBmSmiWMBIIMMniimi lMHIIIIIM l WiMWi 
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WORK AND 
EFFORT 

The Psychology of Efficiency 


By Thomas Arthur Ryan 

Associate Professor of Psychology^ Cornell University 

A SYSTKMATIC survey of psychological investigations of 
the problems relating to the productivity and efficiency of 
men, and women, at work. It at once presents an evaluated 
account of the knowledge that has been accumulating for 
many years, gives a survey of current progress in this field of 
investigation, and puts the reader in position to realize the 
need for future development. Con- 
clusions drawn from research in various 
fields include a study of the factors of 
light, heat, and ventilation; the control 
of monotony and fatigue, and such. 


This volume will be useful to indus- 
trial managers and supervisors, also of 
value as a text or reference source for 
students interested in industrial psy- 
chology, to all others in industry who 
are concerned in setting standards, in 
installing merit rating and job evalua- 
tion systems, and in improving the 
morale and efficiency of workers by 
the use of tested, scientific methods. 
All information is based upon reliable 
experimental and statistical techniques. 


CONTENTS: Introduction; 
The Menning of Efficiency and 
Economy of Work; Measuring 
the Cost of Work; Metabolism 
and Muscular Fatigue; Fatigue 
in Sedentary Work; Physiologi- 
cal Tests of EflFort and Fatigue 
in Sedentary Work; Statistical 
Indices of Elliciency; Specific 
Factors Governing Efficiency 
and Productivity; Work Meth- 
ods and Efficiency; Incentives 
and Motives. Nervous Fatigue 
and Boredom. Time Standards 
and Rate Setting. Merit Rat- 
ing and Job Evaluation. Psycho- 
logical Problems of Accident 
Control. Skill and Practice. 

94.50 


THE RONALD PRESS COMPANY, 15 E. 26th St., N.Y. 10 
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HYDRAULIC 
MACHINERY 

SAMUEL R. BEITLER ERIC J. LINDAHL 

THE OHIO STATE UNIVERSITY UNIVERSITY OF WYOMING 

This volume was prepared for use as a textbook for a course given to fourth-year 
mechanical engineering students. Its general content is, therefore, of the survey t 3 T)e and 
necessarily many of the complex theoretical considerations have been left out in order that 
most types of equipment which would classify under this heading might be covered. 
It is intended that the reader will get from the book a general knowledge of the funda- 
mental principles upon whi(h hydraulic machines operate, along with a brief review of 
fluid mechanics and considerable descriptive matter about machinery a.s constructed at 
present. 

Where the material is of an analytical nature and examples can be worked out to 
show the application of the theories, many illustrative examples are worked out and 
problems are also included. 

The descriptive matter is supplemented by many illustrations where such pictures 
will^ aid in the_ understanding of the matter presented. 

This material should be of value to the teacher (1) for use in any course similiar 
to the one for which it was prepared, or (2) as supplementary text for those wishing to 
show applications of fluid mechanics to actual machines. It should also scive (3) as 
supplemental material in courses in which certain special machines, as centrifugal pumps, 
turbines, etc , arc studied in greater detail than is possible in a general course 

It is probably the fir.st book covering this general held which has appeared in the last 
ten years. 

OUTLINE 

The following brief outline will indicate the topics covered and, very generally, the 
amount of coverage 

Pioperttes of Fluids — A brief review of the properties of fluids which affect the per- 
formance of Hydraulic Machinery. Methods of computing the value from engineering 
test apparatus and tables of values of some of these properties in engineering units are 
im hided. 

Fundamentals of Fluid Flow — A review of the mechanics of fluid flow, based on the 
fundamental theories of thermodynamics and fluid mechanics. 

Pipe and Piping — This section includes a discussion of materials and methods of 
manufacture of pipes and tubes The properties of pipe materials and the methods of 
designing piping systems are given 

Pipe Line Flow — This gives the late.st data available on factors affecting the flow and 
pressure losses in pipe lines and fittings. Much of this material has been published in 
the last two or three years and this is the first time that it has been brought together. 

Fluid Measurement — The material covered in this part is probably the best in the 
manuscript and it is not believed that there is any comparable material now available else- 
where Covered are the theory and practice of flow meters, description of all types of 
metering devices and discussion of general metering problems. The constants mven for 
use with meters are such that flows of all fluids can be computed accurately from the 
material pre.sented. 

Pumps — The general problems of pumping are discussed and different types of pumps 
are described and their theories discussed. Special emphasis is given to the cenlrifuftal 
pump since it is probably the most important. However, other t 3 qjes are covered with 
sufficient completeness to show typos available and their possibilities 

Hydraulic Turbines and Power Plants — ^The basic types of turbines are described and 
their fundamental theories and applications are covered. This chapter was written with 
the assistance of a practicing hydraulic engineer and covers in general much of the 
material which is included in much more complete works on Hydraulic Turbines, 

Compressible Fluid Flow — This section includes much material on flow of compres- 
sible fluids through pipes and meters which is not in any book of this sort and which is 
of great importance to the engineer who is working in areas where the theory of flow lies 
in the field of thermodynamics. 

Fluid Drives — Description and analysis of performance of various type.*; of fluid 
drives and hydraulic transmissions which are available for use at present. 

2ia Pagat 6 x 9 $3.50 

IRWIN-FARNHAM PUBLISHING COMPANY 

332 SOUTH MICHIGAN' AVENUE CHICAGO u, ILLINOIS 



13 




Engi]ieei*s who know 
welding are needed 



I N developing, designing and build- 
ing warships of advanced de- 
sign for the U. S. Navy, the superi- 
ority of electric arc welding over 
other fabricating methods has had 
ample and convincing proof. 

Arc welding is a faster zuid more 
economical production method for 
structural work and metal products 
of all kinds. Engineers who think 
in terms of welded fabrication have 


a greater mental freedom — to depart from the tradi- 
tional, and design for tomorrow’s needs. That is why 
there will be ever-increasing use of welding in the years 
ahead. Engineers who understand welded design will 


be in demand. ^ 


The U S. S. Frank Knox, 
latest type U. S Navy de- 
stroyer built by Bath Iron 
Works. 


President 

Bath Iron Works Corporation 
Bath. Maine 




ii; 




from owr oww prodoctlon oxporlonco 


When we say automatic welding 
is b^ter . . . faster . . , cheaper — we 
can prove it right in our own plants. 
Westinghouae not only makes auto> 
matic welding equipment, we're also 
one of its largest users. 

At Buffalo, automatic welding per- 
mitted our designers to accomplish 
these outstanding results in producing 
the new LIFE-LINE motor: size and 
weight reduced 35% . . . power capability 
increased 116% per pound . . . parts 
for complete line of NEMA motors re- 
duced from 2^600 to 128 . . . production 
tripled. 


Onc^e a setup is made, automatic 
welding becomes a ^'pushbutton" 
operation. Even with relatively un- 
skilled labor, every weld is made per- 
fectly. At last, welding approaches 
machine tool accuracy and speed of 
WOTk handling. 

Westinghouse is the first manufac- 
turer to offer complete, "packaged" 
automatic welding equipment — built, 
sold and installed as a complete unit. 
A Westinghouse welding specialist is 
ready now to help you apply this im- 
proved metal -joining technique to your 
assembly problems. J-85002-A 


INVESTIGATE I 

Automatic welding ia juat one of manr 
new or improved electrical teohniquea 
for producing faater, cheaper, better. 
Weatingbouac cnginecra can qukUy give 
you oalicnt facta on otho-a applicable to 
roar induatrr, including the following: 


* Induction HeaUng (metala) 

* Dielectric Heating (non-metala) 

* Infrared Drring 

* Electric Furnace Bracing 

* Rcaiatanee Welding 

For detaiio, write or pfacme your nearest 
Westinghouae office. 
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A COMPLETE 
PRINTING 

SERVICE . . . 

Good printing does not 
just happen; it is the result of careful planning. 
The knowledge of our craftsmen, who for 
many years have been handling details of 
composition, printing and binding, is at your 
disposal. For over sixty years we have been 
printers of scientific and technical journals, 
books, theses, dissertations and works in foreign 
languages. Consult us about your next job. 

PRINTERS OF THE 

JOURNAL OF BNOINEBRINO EDUCATION 

LANCASTER PRESS, Inc. 

PRINTERS . BINDERS . ELECTROT YPBRS 

ESTABLISHED 1877 LANCASTER, PA. 
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THE JOURNAL OF 
ENGINEERING 
EDUCATION 

f 


Cont^%ts for November, 1947 . 

. . More Valuable and Interesting; Less Sxupib a^d Dull . . 

O: J. Prcund 165 

Tomorrow’s Engineers. J. R. Van Pelt 167 

The Maiufmafical Engineer or the Industrial Mathematician. 

Kaj L. Nielsen 1 75 

Research Policies at M.I.T. J. ^Killian, Jr 181 

Contributions of Sen nce and Technology to Editcation. N. IV. 

DoUgherty 187 

Judicious Programming of ^Structural Coursfs. A. L Miller .... 194 

Nec^logy: Joseph Peter Connolly 200 

Progress Report of the Committed on Undergraduate Curricula . . . 2OI 

Recommended Visual Aids on Industrial Arts H R. Nisslcy 205 

ECPD Resumes Accri^diting of Enginliring Curricula 209 

A Machine Tool Designer’s Thoughts on Engineering Education. 

B. P. Graves 2 II 

Mathematics in Civil Engineering. /. M. Hayes 220 

Comments on Army ROTC Programs. P. B Narmore 223 

The Humanistic-Social Siudies in Engineering Education: Some 

Basic Fallacies. Melvin Kranzbetg 227 

Engineering AptLi^noNS of Newton’s Method of Approximation. 

R, W. Richards 231 

t^ANEL Discussion on Laboratory for Mfchanical Engineers, Ad- 
vanced Mechanicab Engineering Laboratories. /. J. Ryan 235 

Training for Research. E. A. Walker 239 

COJ^ERENCE ON ADMINISTRATION OF RfSEARCH 244 

Sections and Branches : 

Allegheny 245 

Kansas-Nebraska 245 

Missouri 245 

New England ^45 

North-Midwest 

, N(«th Carolina 247 

CoitiMiB Notes 247 





THE AMERICAN SOCIETY FOR ENGINEERING EDUCATION 

OFFICERS ld47-48 


President 

Charles E. MacQuigg, The Ohio State University, Columbus 10, Ohio 

Vice President, 2 years 
(In charge of general and regional activities) 

B. J. Robertson, l^iversity of Minnesota, Minneapolis, Minn. 

Vice President, 1 year 

(In charge of instructional division activities) 

C. J. Freund, University of Detroit, Detroit, Mich. 

Vice President, 2 years 

(Engineering College Administrative Council) 

S. S. Steinberg, University of Maryland, College Park, Md. 

Vice President, 1 year 

(Engineering College Research Council) 

F. M. Dawson, State University of. Iowa, Iowa City, Iowa 

Secretary 

Arthur B. Bronwell, Northwestern University, Evanston, 111. 

Treasurer 

J. S. Thompson, McGraw-Hill Book Co., New York 18, N. Y. 

Assistant Secretary 

Nell McKenry, Northwestern University, Evanston, 111. 

Headquarters 

Northwestern University, Evanston, 111. 

56th Annual Meeting 
Austin, Texas, June 14-18, 1948 

Host 

University of Texas 
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Dr. Paul Schwarzkopf’s 

POWDER METALLURGY 

ic an Important new book for metallurgists 


This book is, in effect, the Kwised and expanded notebook of one of the pioneer 
powder metallurgists — a man whose life work has bn^en an integral part of the 
whole scientific and industrial development of powder metallurgy and one who 
is in the fortunate position of having no restrictions on the disposal of his knowl- 
edge. 

The book contains a great deal of invaluable information about the industrial 
processing of metal powders and the products obtainable. It also contains a 
review of the theories on which powder metallurgy is based. The entire field 
of i>owder metallurgy is covered, including the latest developments and futire 
possibilities. Not only has Dr. Schwarzkopf presented his own extensive first- 
hand knowledge, but has also reviewed all the available literature on the subject. 

The book gives the coming generation of powder metallurgists the “finger-tip" 
knowledge of the old expert. It provides the first comprehensive, up-to-date 
reference on the subject for chemists, physicists and others working in allied 
fields. And it gives all engineers an authoritative source of information on the 
possibilities of powder metallurgy for their work. 

The author is the inventor of the miUti-carbide hard metals y holder of several hundred 
bavic patents in powder metallurgy, and founder of many powder metallurgical plants 
in Europe and this country, including the American Electro Metals Carp, of which 
he is President. 

xii-379 pages. Illus. Ready Oot. 28tli. $8.50 (probable) 

THE MACMILLAN COMPANY 
60 Fifth Avenue New York 1 1, N. Y. 
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McGRAW-KILL • SnifiafUcutt AfeuA 

DIRECT-CURRENT MACHINERY 

By G. C. Blalock^ Purdue Umversity, 383 pages, $3.75 

• A concise yet balanced picture of basic and specialized d.c. 
machines and their controls Free use has been made of prac- 
tical illustrative examples, problems, and illustrations. 

THEORY AND APPLICATION OF MICROWAVES 

By A. B. Broftwell and R. E. Beam, Northwestern University. 
469 pages, $6.00 

• Gives a clear exposition of basic electronic and fieltl concepts and 
applies them to the analysis of tubes and radiation phenomena. 

ELECTRONIC CIRCUITS AND TUBES 

By the War Training Staff, Cruft Laboratory, Harvard University. 
954 pages, $7.50 

• A companion volume to Transmission Lines, Antennas, and Wave 
Guides. Presents the theory of electronic tubes and electric 
circuits used in conjunction with electronic tubes. 

ELEMENTS OF NOMOCRAPHY 

By R. D. Douglass and D. P Adams, Massachusetts Institute of 
Technology. 215 pages, $3 50 

• Covers the study, understandinpf, desig^n, creation, and practical 
use of the alignment diagram, of which seven elementary types 
are presented 

ENGINEERING APPLICATIONS OF FLUID MECHANICS 

By J. C. Hunsaker and B, G. Rightmire, Massachusetts Institute of 
7 echnology. 496 pages, $5 00 

• A basic fluid-mechanics text in which the underlying equations 
are developed from first principles by consideration of flow 
through a fixed region of space. 

CHEMICAL ENGINEERING FUNDAMENTALS 

By C. G. Kirkbride, Texas A. & M. College. Chemical Engineer- 
ing Series. 412 pages, $5.00 

• Describes the work of the practicing chemic.il engineer and in- 
tegrates the technical fundamentals with human relations and 
reporting of technical results. 

VERY HIGH-FREQUENCY TECHNIQUES 

Compiled by the Staff of the Radio Research Laboratory, Harvard 
University. OSRD-NDRC, Two volumes {not sold separately), 
1045 pages, $14.00 

• Presents those techniques, at frequencies above about 100 me, 
that are of general interest and value. Covers antennas, direc- 
tion finding systems, generation of continuous wave power, etc. 


AloiaMU Ne44A ediiituu • McGRAW-HHi 

PROBLEMS IN ENGINEERING DRAWING. Series 2 

By A, 5. Levens and A, E, Edstrom, University of California, 

72 worksheets, $3.00 

• The new scries is keyed to the 7th edition of French’s En^neering 
Drawing. Contains American Standard Drawings and Drafting 
Room Practice. 

THERMODYNAMICS. New 2nd edition 

By L. C. Lichty, Yale University, 371 pages, $4.50 

• Simplifies the presentation by grouping the subjects into logical 
units by thermodynamic analysis rather than mechanical equip- 
ment. The entire text has been thoroughly revised and much 
new material added. 

SOIL MECHANICS. New 2nd edition 

By D. P. Krymne, Yale University. 529 pages, $5,50 

• Deals with the principles used in the design, construction, and 
maintenance of foundations of structures, and of structures 
themselves, made of earth materials. All sections have been 
brought up to date. 

CONSTRUCTION ESTIMATES AND COSTS. New 2nd 

edition 

By H, E, Pulver, University of Wisconsin. 656 pages, $6.00 

• As far as possible, this revision brings the information up to date 
in regard to wages and prices. More than half the diagrams have 
been redra>\n and most of the illustrative estimates have been 
revised. 

RADIO ENGINEERING. New 3rd edition 

By Frederick E. Terman, Stanford University. McGraw-Hill 
Electrical and Electronic Engineering Series. 969 pages, $7.00 

• A revision of this comprehensive treatment covering all phases of 
radio communication. The entire book has been brought up to 
date, and a wealth of new information has been included. 

technical aerodynamics. New 2nd edition 

By K. D, Wood, University of Colorado, 492 pages, $5.50 

• Planned to enable the student to make performance, stability, 
and design calculations on air{>laneb. The many illustrative 
examples are a feature. Technical content, illustrations, and 
problems are nearly 100% new. 

ELEMENTARY ENGINEERING THERMODYNAMICS. 

New 3rd edition 

By V. W. Young, Oklahoma A. dr M, College, and G. A. Young, 

Purdue University. 268 pages, $3,00 

• Combines broad coverage with simple method of treatment. The 
revision offers new treatments of Joule’s law, flow energy, en- 
tropy, etc. 

Send for copies on approval 

McGRAW-HILL BOOK COMPANY, Inc. 

330 W..t 43.4 Str..t^ N.w Y.rfc 18, N. Y. 
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NEW WILEY BOOKS 


INDUSTRIAL HEALTH 
ENGINEERING, by A. D. 
Brandt. 

November 395 pages $6.00 

ELECTRONIC TRANS- 
FORMERS AND CIRCUITS, 
by Reuben Lee. 

October 284 Pages $4.50 

MAGNETIC CONTROL OF 
INDUSTRIAL MOTORS, by 
C. W. Heumann. 

November 589 pages $7.50 

FLIGHT ENGINEERING 
AND CRUISE CONTROL, 

by H. G. Moe. 

November 210 pages $4.00 

DATA BOOK FOR CIVIL 
ENGINEERS, Vol. Ill : FIELD 
PRACTICE, by E. E. Seelye. 

November Approx. 305 pages 
Prob. price $4.50 

THE ESCALATOR METHOD 
IN ENGINEERING VIBRA- 
TION PROBLEMS, by Joseph 
Morris. 

October 270 pages $4.50 

POWER SYSTEM STABIL- 
ITY, Vol. II: TRANSIENT 
STABILITY, by S. B. Crary. 

September 320 pages $6.00 

ELEMENTARY NUCLEAR 
THEORY, by H. A. Bethe. 

September 147 pages $2.50 


HANDBOOK OF ENGI- 
NEERING, by L. A. Water' 
bury; revised by H. W. Red- 
dick, W. M. Lansford, C. O. 
Mackey, H. H. Higbie, and 
H. S. Bull. 

4th Edition, October 
386 pages $2.50 

WIND TUNNEL TESTING, 
by Alan Pope. 

September 319 pages $5.00 

FUNDAMENTALS OF 
ELECTRICITY AND MAG- 
NETISM, by L. B. Loeb. 

3rd Edition, September 
669 pages $6.00 

NON-FERROUS PRODUC- 
TION METALLURGY, by |. 
L. Bray. 

2nd Edition, September 
587 pages $6.00 

ELECTRIC MOTOR MAIN- 
TENANCE, by W. W. Mc- 
Cullough. 

October 126 pages $2.00 

ARCHITECTURAL CON- 
STRUCTION, by Theodore 
Crane. 

October {tentative) 

414 pages Prob. price $6.00 

RAILROAD ENGINEERING, 
by the late W. G. Raymond, 
H. E. Riggs, and W. C. 
Sadler. 

6th Edition, October 
442 pages $5.00 


Other IVitey books on cover and page 7 


JOHN WHEY & SONS, INC., 440 Fourth Ave., New Yorit 16, N. Y. 
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NEW WILEY BOOKS 


VACUUM TUBE CIRCUITS, 
by L. B. Arguimbau. 

January Approx, 656 pages 

Prob, price $6.00 

IMPROVING SUPERVI- 
SION, by Frank Cushman 
and R. W. Cushman. 

December Approx. 234 pages 
Prob. price $2.50 

PHOTOELASTICITY, V o I . 
II, by M. M. Frocht. 

January Approx. 477 pages 

Prob. price $10.00 

PRINCIPLES OF FOOD 
FREEZING, by W. A. Gort- 
ner, F. S. Erdman, and N. K. 
Masterman. 

J amtary Approx. 362 pages 

Prob. price $3A0 

TIMBER ENGINEER’S 
HANDBOOK, by R. J. Han- 
sen. 

January Approx. 903 pages 

Prob. price $10.00 

PRINCIPLES OF JET PRO- 
PULSION, by M. |. Zuerow. 

January Approx. 544 pages 

Prob. price $6.50 

STEEL AND ITS HEAT 
TREATMENT. Vols. I & II. 
by D. K. Bullens and the 
Metallurgical Staff of Bat- 
telle Memorial Institute. 

5th Edition, January 
Vol. I Approx. 489 pages 

Prob. price $5.00 
Vol. II Approx. 293 pages 

Prob. price $5j00 


TECHNIQUES OF OBSERV- 
ING THE WEATHER, by B. 
C. Haynes. 

December Approx. 278 pages 

Prob. price $5.00 

FUNDAMENTALS OF 
PHOTOGRAPHIC THEORY, 
by T. H. James and C. C. 
Higgins. 

January Approx. 290 pages 

Prob. price $4.00 

PRACTICAL JOB EVALUA- 
TION, by P. W. Jones. 

January Approx. 303 pages 

Prob. price $4.00 

NOMOCRAPHY, by A. S. 
Levens. 

December Appro.v. 161 pages 

Prob. price $3.00 

CENTRIFUGAL AND 
AXIAL FLOW PUMPS, by 
A. J. Stepanoff. 

January Approx. 426 pages 

Prob. price $7.00 

THEORY OF LIMIT DE- 
SIGN, by J. A. Van den 
Broek. 

December Approx. 148 pages 

Prob. price $3.00 

HEAT, by A. G. Worthing 
and David Hailiday. 

December Approx. 610 pages 

Prob. price $6.00 

HYDRAULICS, by H. W. 

King, C. O. Wisler, and J. 
G. Woodburn. 

5th Edition, January 
Approx. 347 pages 
Prob. price $3.50 


Other IViley btfoks on cover and page 6 
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ANNOUNCING 


New Fifth Edition 

MECHANICAL LABORATORY 
METHODS 

By Associate Professor Frederic W. Keator, Yale University, 

(Formerly Smallwood and Keator). 

This text was designed as a reference and guide for laboratory courses in 
thermodynamics and heat power. It is adaptable, for educational 
purposes, to the widely differing equipment and procedure in various 
laboratories. The fundamental principles are so thoroughly covered 
that the student is able to apply them to specific cases. 

Its notable features include the wide scope achieved without any cur- 
tailment of the treatment of principles, calculations, or interpretations 
of results; the full coverage of the principles and details of testing 
important instruments, power units, fuels and lubricants. The 
student is not overburdened with descriptions of operation, apparatus, 
and details of instruments and appliances that are more readily 
understood by a physical examination or performance of the actual 
devices. 

CONTENTS: Introduction; Part I. The Testing of Instruments: Weights 
and Forces; Pressure; Thermometry; Enthalpy of Steam-Calorimetry- 
Sampling; Angular Velocity; Time; Irregular Areas and Mean Heights; 
Power; The Engine Indicator- Reducing Motions; Fluid Meters. Part 
II. The Analysis of Combustion; The Constituents of Fuel; The Heat 
Value of Fuels; Products of Combustion; Theoretical Reactions of Fuels; 
Calculations from Exhaust Gas Analysis; Specific Heats, Energy and 
Enthalpy of Gases. Part III. The Testing of Power Plant Units; Prime 
Movers; Steam Boilers; Testing of Auxiliary Equipment; Complete 
Plant Testing; Tests of Refrigerating Machinery. Part IV. Miscellane- 
ous Tests; Tests of Lubricating Oils; Hygrometry; Total Enthalpy of 
Air-Steam Mixtures; Electrical Machinery; Appendices; Index. 

Approximately 392 pages 6X9 Cloth Illustrated Probable price $4.25 
Write for an examination copy of: 

MECHANICAL LABORATORY METHODS 

D. Van Nostrand Company, Inc. 

250 FOURTH AVE. NEW YORK 3, N. Y. 
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The Recent Fourth Edition 

STEAM AND GAS ENGINEERING 

By 

Professor Emeritus T. E. Buttbrpibud 
Lehigh University 

Professor B. H. Jennings 

Northwestern University 

Professor A. W. Luce 

! Pratt Institute 

This text provides the material for courses in Heat Power and Thermodynamics. It is 
exceptionally broad in its coverage, treating the entire study of the development of 
heat power from fuels by means of steam equipment of all kinds, and internal com- 
bustion engines of all types. 

CONTENTS: Progress; Energy, Units, Laws of Thermodynamics; The Steam Engine: 
Properties of Steam; Steam Cycles; Thermodynamics, Testing and Performance of 
Steam Engines; Fuels and Power; Combustion; Combustion Calculations; Combustion 
Equipment for Steam Generation; The Steam Boiler; Boiler Plant Auxiliary Apparatus; 
Steam Turbine Types and Performance; Turbine Nozzle and Blading Calculations; 
Condensers and Condensing Equipment; Steam Power Plant Cycles, Heat Balances; 
Gas Properties; Gas Cycles; The Internal Combustion Engine; Compression and Com- 
bustion, Internal Combustion Engines; Gas and Gasoline Engine Typos; Oil Engines; 
The Gas Turbine; Compressierti and Refrigeration; Air Properties at Low Pressure; ph 
Chart for Ammonia; Steam Tables; Mollier Chart for Steam; Index. 

588 pages 6X9 cloth illustrated $6.00 

ELEMENTS OF HYDRAULIC 
ENGINEERING 

By D. S. Ellis 

Professor of Civil Engineering and Dean of the Faculty of Applied 
Science, Queen^s University, Kingston, Ontario, Canada 

This book provides the engineering student first of all with a concise treatment of the 
basic ideas and methods of hydraulics, and secondly, with a reasonably broad dis- 
cussion of the application of these ideas to the problems commonly met in practice. 
Elementary calculus and mechanics have been freely used throughout the book. 

CONTENTS: The Physical Properties of Common Fluids; Hydrostatics; The Stability 
of Flotation; General Principles of Fluid Motion; Flow Through Orifices; Weir Flow; 
Friction Loss in Closed Conduits; Conduit Losses Other Than Pipe Friction; Flow in 
Open Channels; Dynamic Effects of Fluids; Centrifugal Pumps; Water Wheels; Ventila- 
tion of Buildings and Mines; Fans; Water Hammer; Waves and Surges in Open 
Channels; Hydraulic Measurements; Index. 

277 pages 6} X 9i cloth illustrated $3.50 

Write for examination copies* 

D. Van Nostrand Company, Inc. 

250 FOURTH AVE. NEW YORK 3, N. Y. 
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correlated with FRENCH'S ENGINEERING DRAWING 


Getting the student to visualize three dimensions successfully has long 
been a teaching problem in Engineering Drawing. Now, McGraw- 
Hill offers a series of Text-Films — a new program of visual aids — to 
help solve this difficulty, and to increase the effectiveness of both 
teaching and learning. 


Seven 16nim. sound motion pictuics 
and six silent follow-up filmstiips 
make up the complete scries, corre- 
lated directly with the new 7th edition 
of French’s Enginecrinq Drawing 


book or the motion pictiites for class 
teview and discussion 

MOTION PICTURE TITLES. (En- 

gmeering Drawing Series, /6mm. 
Sound) 


To illustrate three-dimensional con- 
cepts, special models were constructed 
and photographed m combination with 
animated drawings of lines and planes 
The resulting images on the screen 
demonstrate clearly and simply prin- 
ciples of orthographic projection, 
auxiliary views, sectioning, and di- 
mensioning Filmstrips continue the 
instruction, and present questions re- 
lated to material covered in the text- 


1 According to Plan — An Introduc- 
tion to Engineering Drawing 

2 Orthographic Projection 

3 Auxiliary Views — Single Auxil- 
iaries 

4 Auxiliary Views — Double Auxil- 
iaries 

5 Sections and Conventions 

6. The Drawings and the Sho]) 

7. Selection of Dimensions 


Write for further information 

McGRAW-HILL BOOK CO., Inc. 

TEXT-FILM DEPARTMENT 
330 West 42nd Strnnt N«w York 18, N. Y. 



10 




. More Valuable and Interesting; 
Less Stupid and Dull ...” 

By C. J FREUND 
Vice President, A.S.E.E. 


“How did you like the program of 
conferences at Minneapolis? How do 
you think the conferences can be im- 
proved? We did think that the con- 
ferences at the University of Minne- 
sota were pretty good, but how can 
they be made better at Austin next 
June?” 

That, or its equivalent, is what we 
wrote to the chairmen of the Society’s 
divisions and committees right after 
the Minneapolis meeting. The chair- 
men poured in a flood of suggestions, 
for which we thank them most heartily. 
Many of the returns expressed more 
or less isolated opinions of the indi- 
vidual chairmen, or viewpoints of their 
associates in the respective divisions 
and committees, but a number of points 
were so repeatedly mentioned as to 
prove a clear consensus of opinion. 
The divisions and committees appar- 
ently agree that: 

(a) Final programs should be in the 
hands of the Society’s members before 
they leave their homes for the annual 
meeting. 

{h) The schedule of general ses- 
sions and conferences should be uni- 
form from day to day throughout the 
meeting. 

(c) Invited speakers should be in- 
formed long in advance of the meeting, 
on which day, at what hour and in 
which room they are to appear. 


(d) Conferences should be evenly 
distributed over the half days and eve- 
nings of the meeting; if the confer- 
ences are largely concentrated within 
a day, or a day and a half, too many 
conflicts result. 

Tlie Executive Board of the Society 
met at Pittsburgh on August first and 
thoroughly went over these sugges- 
tions. In order to accomplish the im- 
provements which the chairmen of the 
divisions and committees had in mind, 
the Executive Board determined that: 

(a) General sessions will be held 
in the morning only, leaving after- 
noons and evenings for the conferences 
of divisions and committees. 

{b) Each division and committee 
shall schedule no more than two con- 
ferences, in addition to luncheon and 
dinner sessions. 

(c) The General Conference Com- 
mittee of the Society shall assign days, 
hours and rooms for the conferences, 
luncheons and dinners of the divisions 
and committees. 

(d) The Engineering College Ad- 
ministrative Council and the Engineer- 
ing College Research Council shall 
each be assigned one general session 
of the Society and, in addition, shall 
hold one or two conferences, and 
luncheons and dinners as the Coun- 
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cils may elect. The General Confer- 
ence Committee shall assign days, 
hours and rooms for conferences, 
luncheons and dinners; arrangements 
for general sessions shall be made with 
the Society’s Program Committee. 

{e) The preliminary program for 
the Austin meeting will go to press on 
February first, 1948; the final pro- 
gram will go to press on April 24. 

Thus, the Executive Board estab- 
lished a new order for the annual meet- 
ing. At first sight these new proce- 
dures may appear rigid and drastic. 
In the long run, they will certainly be 
conducive to a type of annual meeting 
which the members of the Society will 
find very much to their liking. 

An important effect of the change 
is that program making cannot wait 
until late in April as in other years; 
the first printing of the program will 
be issued nearly three months earlier 
than that. 

May we respectfully suggest to the 
chairmen of divisions and committees 
that they bigin iMMhDiArrLY to pre- 


pare THEIR CONFERENCE PROGRAMS. 
Otherwise they will do a rush job 
under pressure of a deadline, and a 
conference hastily prepared is likely to 
be the kind of conference which sends 
the members of the Society out of 
doors to take their ease in the shade of 
campus trees. 

The divisions and committees have 
earned for the Society a gilt edged 
reputation for stimulating conferences. 
Members will agree that more of the 
Society’s conferences have been valu- 
able and interesting, and less have 
been stupid and dull, than in most 
organizations to which they belong. 
This reputation must by all means be 
sustained and expanded. 

But the matter of immediate con- 
cern for all of us is an early start. 
It takes at least a month to work up 
a good conference program; and Feb- 
ruary first will turn up on the calen- 
dar before we are ready for it. 

In a week or two we shall begin 
writing to chairmen of divisions and 
committees for program data. 

And so, now, all together! 



Tomorrow’s Engineers’ 

A Reconnaissance Survey 

By J. R. VAN PELT 
Batfclle Memorial Institute 


As you know, the announced title of 
this talk is “Tomorrow’s Engineers.” 
You will be right if you infer that I 
intend to discuss with you the future 
of engineering as a profession. The 
discussion will, of necessity, be only a 
reconnaissance survey ; but even a 
reconnaissance may be enough to give 
us a good idea of the generaf location 
of our future right-of-way. 

You should be warned at once, how- 
ever, that this paper reveals no occult 
knowledge of what is in store for the 
profession of engineering. The road 
ahead, as T shall describe it, may be 
scanned by any of us who will take the 
trouble ; undoubtedly it is familiar ter- 
ritory to many of you. The prediction 
of our future course is, therefore, not 
the main point of this paper. It is only 
an introduction — a groundwork pre- 
ceding certain conclusions and recom- 
mendations which may affect the pro- 
gram of this Federation and its member 
societies. 

You should also be warned that I 
am not a reformer. I offer no miracu- 
lous panacea for the ills of the profes- 
sion. It seems to me that what our 
profession needs is not revolution, but 
the sincere attention and devoted co- 
operation of all qualified engineers. 

♦ An address before the Minnesota Fed- 
eration of Engineering Societies, Minne- 
apolis, February 27, 1W7. 


Indeed, I am not so sure that the 
profession has any very serious dis- 
eases. It is young, and may suffer 
growing pains. It may show the un- 
])redictal)le awkwardness of a lanky 
adolescent. It certainly has its annoy- 
ing ailments. But none of these, it 
seems to me, should be dignified with 
the term “disease.” On the contrary, 
if we judge the profession by its re- 
sults, which after all are the only meas- 
ure tliat medus much, we have every 
reason to be proud. What other pro- 
fession can match it, in reliability of its 
services, or in rate of improvement? 
The engineering jwofession has done 
a great job of translating the discov- 
eries of wScience into the useful tools 
which have lightened man’s physical 
burdens, improved his health and pro- 
longed his life, speeded communication 
and pushed back frontiers, so that we 
may hope to arrive at a world-wide 
culture and civilization in only a frac- 
tion of the time which our grandfathers 
w’ould have thought possible. The en- 
gineer has not done these things un- 
aided, but he has been an essential ele- 
ment — ^probably the dominant element 
— in this great drama of man’s material 
progress in the western world. 

Even in the darkest hour of a tech- 
nological war, when the power of engi- 
neering was focussed on human de- 
struction, engineers had faith to look 
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ahead to a distant and brighter day : to 
see that our conquest of nature, though 
temporarily applied to warfare, holds 
for greater values in peace. We see 
that engineering, by means of the 
wealth and leisure which it creates, can 
free the mind as well as the hand ; that 
it gives to the public at large the oppor- 
tunity to acquire an education, and the 
time to cultivate those things of the 
spirit which alone can change the world 
from a perpetually armed camp into a 
friendly, prosperous, and progressive 
neighborhood. No profession has be- 
stowed on mankind more potent oppor- 
tunities for human betterment. 

How has the profession of engineer- 
ing been able to achieve these great re- 
sults? Certainly not by adopting an 
attitude of easy self-satisfaction. Prob- 
ably no profession has been less given 
to the insidious vice of complacency. 
It has always been marked by healthy 
dissatisfaction with its past, and an 
amazing readiness to discard a good 
technique in favor of a better one. 
Some years ago the production engi- 
neers of a Chicago newspaper scrapped 
a battery of nearly new presses in the 
pink of condition, merely because they 
were too slow. Each of these ma- 
chines could turn out the amazing num- 
ber of 33,000 complete newspapers per 
hour, but the publisher would not give 
them floor space because other presses 
had become available, through research 
and engineering, which could turn out 
more than 50,000 papers per hour. 
Similarly, in the aircraft industry it is 
a commonplace that every new airplane 
design is obsolete before it is off the 
drawing board. In our profession 
which so cheerfully discards the good 
for the better, it is only natural that 
we should look eagerly to the future 
betterment of the profession itself with- 
out implying any criticism of the past. 


The Road Ahead 

Let us, then, 

. . dip into the future 
Far as human eye can see. . . 

which, after all, may not be very far, 
and try to discern the broad move- 
ments which are affecting and will 
continue to affect the engineering pro- 
fession. In this admittedly difficult en- 
deavor, it would be futile to concern 
ourselves with details. The broader 
the trend, the greater its significance; 
and the more worthy of our careful 
study. 

Following this plan, then, I think 
we can single out two great movements 
which characterize the American scene 
today, and consider their impact on the 
engineering profession. We shall do 
this with the full realization that such 
reconnaissance mapping leaves much 
detailed contouring to be done. We 
may be reasonably sure, however, that 
witliin the limits of error which we set 
up for ourselves, we can map the major 
features of the territory correctly. 

The first of these major features is 
the trend toward a larger and larger 
element of science in industry, and 
hence in engineering; and the second 
relates to the human and social factors 
in industry. The one deals with the 
laws of nature, the other with the indi- 
vidual and society. They are thus at 
opposite poles of the engineer’s world, 
yet before we conclude we may find a 
significant element in common between 
them. 

Science in Engineering 

The growing importance of science 
and mathematics in engineering is by 
no means a new idea. For at least a 
generation that unfortunate character 
the ''handbook engineer,” has been the 
laughing-stock of the profession. As a 
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student he wanted a "practical” educa- 
tion, and dodged mathematics, physics, 
and chemistry as much as he could. 
As a practicing engineer he is lost 
without his well-worn handbook, be- 
cause he does not know any funda- 
mental principles. Confront him with 
a problem not in the handbook, and 
he's helpless. 

There is little room for such "engi- 
neers” in the newer, more highly scien- 
tific fields of engineering like electron- 
ics, physical metallurgy, and aero- 
nautics, in which science and engineer- 
ing are close partners. In the aircraft 
industry, for example, side by side with 
the growth of applied aeronautical engi- 
neering, investigations of a more funda- 
mental nature have been necessary in 
the dynamics of fluids, in surface ef- 
fects, in airfoil sections, and in the 
principles of structural design. In this 
relatively young branch of engineering, 
basic and applied science are constantly 
working hand in hand. The same is 
true to a varying degree throughout the 
profession, but especially in those in- 
dustries which are marked by high 
rates of obsolescence and innovation. 
A general rule might be stated thus: 
the closer the cooperation between sci- 
ence and engineering, the more rapidly 
will the industry advance. 

This close connection is not, how- 
ever, to be thought of as a one-way 
street in which all the original work is 
done by the basic scientist and the engi- 
neer merely borrows these fundamental 
discoveries and turns them into gad- 
gets. There is, to be sure, a certain ele- 
ment of truth in this view, as exempli- 
fied by a remark that "Kettering credits 
to the Nobel prize winner in physics, 
Harold C. Urey. When asked what is 
the diflference between science and en- 
gineering, Dr. Urey is supposed to 
have replied, "About twenty years.” 


The implication is that after the scien- 
tists have discovered or created all the 
necessary basic elements of a new de- 
vice or industry, engineers spend a few 
years cobbling them together into a 
useful and salable device, using no 
more ingenuity than is necessary to de- 
velop a workable manufacturing proc- 
ess. It is true that the useful applica- 
tion of science is the province of the 
engineer, that through the engineer's 
efforts the laboratory curiosity of today 
becomes the tool of industry tomorrow ; 
but in fast-moving technological indus- 
try, the engineer is much more than a 
mere borrower from science. The true 
relationship of the engineer and the 
scientist may be described as a cross- 
fertilization of ideas, each profession 
contributing something which assists 
the other to take the next step in its 
own field. 

Nowhere is this teamwork of basic 
and applied science more conspicuous 
than in the rapidly growing field of in- 
dustrial research. The leaders of our 
great technological industries are well 
aware of their dependence on both 
basic and applied science, and in their 
laboratories they support both kinds of 
research. Here scientists rub shoul- 
ders with engineers, they work together 
on the same projects, and thus reduce 
or eliminate the traditional gap between 
theory and practice. The familiar 
terms "industrial chemist,” "engineer- 
ing physicist,” and "industrial physi- 
cist” highlight the importance of basic 
science as a factor in engineering and 
industry. 

In the interval between the First and 
Second World Wars, applied research 
experienced a ten-fold expansion, in- 
volving an outlay in 1941, of some 
$300,000,000. During the late war, as 
might be expected, the figure went up 
to the neighterhood of a billion dollars 
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a year, which put research in the cate- 
gory of a major industry. Surveys of 
future trends in research indicate a tre- 
mendous demand for research services 
on the part of industry, which may off- 
set most or all of the expected shrink- 
age in research exi)enditures by the 
Government. It is clear that the grow- 
ing emphasis on basic science in the 
training of engineers is a step in the 
right direction. 

Though I have emphasized engineers 
in research, it would be wrong to as- 
sume that they are the only ones who 
profit by a thorough scientific founda- 
tion. Many an engineer whose life is 
spent in production or distribution 
finds himself in constant touch with 
science and research ; and this promises 
to he even more usual in the future. 
The sales engineer, the design engineer, 
the factory manager, the general man- 
ager, all have a heavy stake in the suc- 
cess of the research department, and 
hence should know and appreciate the 
scientific basis of research. The head- 
long growth of technology, its increas- 
ing complexity, can mean only one 
thing for tomorrow’s engineers — a de- 
mand for engineers trained with a 
strong flavor of science, combined, of 
course, with the practicality which is 
the engineer’s own mark. 

The Human Element in 
Engineering 

We now come to the second of the 
great trends affecting industry and 
engineering — those human elements 
which are so unlike the emphasis on 
science which we have been discussing. 
The engineer has always been con- 
cerned with certain matters of human 
welfare, specifically those involving 
technology. Many examples could be 
cited-^indudtrial health and safety, the 
productivity of labor, traffic engineer- 


ing, noise abatement, the control of air 
and stream ])ollution, the moderniza- 
tion of building codes, the treatment 
*and disposal of industrial wastes, city 
and regional planning — all these and 
many more are problems of buman wel- 
fare in which the engineer is vitally 
concerned. 

If T foresee with reasonable accuracy 
the long-time trend of our American 
social philosophy, the engineer will be 
increasingly concerned with such hu- 
man problems. This will be e.specially 
true of the engineer who enters man- 
agement. .Since management is the 
goal of a large number of engineers, it 
is reasonable to say that the engineer’s 
training, either in college or later, 
should put him in touch with the great 
social problems which are the concern 
of management, 'fhree groups of these 
management problems will serve to il- 
lustrate the point. There is the group 
known as industrial relations — the rela- 
tion of industry to its own personnel. 
In this field the manager-engineer is 
concerned with wage scales and the 
methods of computing wages ; with 
working hours; wdth pension systems; 
with employee insurance; with collec- 
tive bargaining; and with the intangi- 
bles that can make or break the cordi- 
ality of relations between workers and 
management. 

In the second group are the problems 
of public relations, which deal with the 
attitude of industry toward the public 
at large and, conversely, of the public 
tow'ard the industry. Publicity and 
advertising are always included here, 
and sales promotion may be; but in 
its broader aspects, public relations 
goes far beyond these. Its purpose is 
to bring the industry into harmony 
with public opinion, ^^ich is the only 
sound basis for long-range success. 

The third of these categories of 
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agement responsibilities is the over-all 
concern which management must have 
toward the present and future of the 
social environment in which the indus- 
try exists. The manager-engineer 
must, for example, have an eye for 
changing markets, and for the psychol- 
ogy of buyers and users of his product 
or service. lie must take the long view 
of raw material supply ; he must foresee 
changes in the thinking of investors 
and of labor. He must have a feeling 
for the evolution of governmental phi- 
losophy, which is reflected in industrial 
legislation of all kinds, including taxes. 

In the more technological branches 
of industry,* all these social problems 
take on engineering aspects which can 
be solved by management only with the 
aid of engineers. This is one of the 
reasons why so many engineers have 
been drawn into general managerial 
positions, and it is the reason why 
every engineer who aspires to man- 
agerial rank should study these social 
problems. 

As a matter of fact, the employment 
of engineers as general managers is 
under fire today in some quarters, be- 
cause so many otherwise excellent men 
lack, or are believed to lack, an interest 
in and training for the solution of 
human problems in industry. It was 
Pendleton Dudley, President of the Na- 
tional Association of Public Relations 
Counsel, who recently pointed out that 
our great industries, in the last half or 
three-quarters of a century, have re- 
peatedly changed their type of manage- 
ment to meet the most pressing need 
of the time. In the trust-busting era, 
many lawyers rose to the presidency of 
big companies. In the periods follow- 
ing financial over-expansion, bankers 
have gained control. In times of rapid 
technological progress, engineers have 
dominated. Today, Dudley sees the 


dawn of an era of social change, in 
which the adjustment of corporate pol- 
icy to new social philosophies, as well 
as the interpretation of industry to 
every social group, will take precedence 
over all other problems of management. 
He therefore expects the responsibility 
for general management to be trans- 
ferred to men skilled in public relations. 
Certainly it is possible that some lead- 
ing public relations experts — and I am 
not talking about press agents, pro- 
moters, or advertising men — may be 
better prepared to establish corporate 
policies in harmony with public opinion 
and current social philosophy than most 
other groups, including engineers. 

Dudley may be right about the com- 
ing dominance of social problems in in- 
dustry, but I am convinced that tech- 
nology will also continue to be a factor 
of vital importance to management. It 
follows, then, that the ideal manager 
for many a company will be the man 
who is competent both in engineering 
and in human relations. The conclu- 
sion, with respect to the training of 
tomorrow's engineers, is obvious. 

Education and the Practicing 
Engineer 

We are now in a position to sum- 
marize the nature of the problem which 
faces the engineering profession. We 
have reviewed two major trends affect- 
ing the profession — the increasing em- 
phasis on science, as evidenced by the 
grow^th of highly technological industry 
and the spread of research ; and the in- 
creasing complexity of, and emphasis 
on, the social and human aspects of 
industry. To equip engineers to meet 
these broadening demands is quite ob- 
viously a problem in training — a prob- 
lem in educatioti. And it is largely 
nontechnical education ; it is education 
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for competence beyond the daily prob- 
lems of technology. 

If education of this kind is to be 
successful on a large scale, it will re- 
quire the interest and active support 
of practicing engineers. The profes- 
sion is democratically governed, by 
which I mean that no major program 
will prosper unless the majority of ac- 
tive engineers believe in it. Education, 
especially in the learned profession such 
as engineering, is inherently the re- 
sponsibility of every practitioner. It 
was not the medical schools alone which 
lifted medicine and surgery from the 
barber shop level to their present emi- 
nence ; this great advance, mostly in the 
last half century or so, would have been 
impossible without the support and 
prestige of organized medicine which 
initiated and still maintains a strong 
control over the education of doctors. 
It is not suggested that the engineering 
profession should follow blindly the 
methods of the medical group with re- 
spect to education, but medicine is cited 
to illustrate the principle that profes- 
sional education, at its best, is not the 
responsibility of a few academicians 
alone, but of the whole profession. As 
every engineer knows who has kept in 
close touch with engineering schools, 
our educational leaders will welcome 
organized cooperation from the profes- 
sion as a whole. 

What can the practitioners of engi- 
neering do to aid in the education of 
engineers? First of all it is clearly a 
job for organized groups; only rarely 
can the individual working alone serve 
his profession as effectively as he can 
through his professional societies. 

The idea that engineering societies 
can contribute to education and pro- 
fessional development will be recog- 
nized immediately for its complete lack 
of originality. These objectives are 
probably written into the articles of 


incorporation or the constitution of 
every engineering society in the counr 
try. But in most cases, the education 
thus offered has consisted chiefly of 
technical papers, which, though obvi- 
ously important, have little to do with 
the needs we have been discussing. 
But a few professional engineering 
bodies have made the broadest develop- 
ment of engineers their business. One 
of these is the American Society for 
Engineering Education, whose mem- 
bership includes, among others, most 
teachers of engineering. Another is 
the National Society of Professional 
Engineers, with affrliated state associ- 
ations which act as regional operating 
units, after the pattern of the American 
Medical Association. A third is the 
Engineers' Council for Professional 
Development. Others, operating usu- 
ally on a local or regional basis, have 
also done excellent work in their own 
territory. There is, therefore, no lack 
of organizations to which we may turn 
for action. 

A Suggested Program 

But precisely what action is needed? 

In general terms, it seems clear that 
three types of education, supplementary 
to those commonly in use, would be of 
great value to the engineer, and 
through him to society. 

First, we should provide additional 
means whereby the engineer, through- 
out his career, can keep up with chang- 
ing technology and science. Technical 
books and journals are, of course, 
available; but there is a real need for 
organized programs of study under a 
competent leader — programs designed 
for the practicing engineer. 

Second, we should provide a similar 
opportunity in nontecl^ical fields. We 
should help the practicing engineer to 
acquire the breadth of background, out- 
side of his immediate profession, which 
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will enable him to meet with wisdom 
and understanding the human prob- 
lems that will confront him as his re- 
sponsibilities grow. 

Third, we should bring engineering 
home to the public, and particularly to 
high school seniors, in an interpretive 
and not a promotional spirit, so that 
the profession may attract only the 
ablest recruits. 

In order to implement such a pro- 
gram, it seems to me that local and re- 
gional engineering societies, or groups 
of societies federated together, might 
consider the establishment, as one of 
their most important subdivisions, of a 
committee or commission on profes- 
sional development composed of men 
who have demonstrated the deepest 
concern for the profession as a whole 
and its growth and integrity. Such a 
commission might include representa- 
tive young men as well as men of 
greater maturity; it might cover all 
major branches of engineering; and 
might include a reasonable number of 
engineering educators and research 
men. The rest of the personnel might 
be made of practicing engineers — con- 
sultants, engineering designers, engi- 
neering salesmen, production men, con- 
struction men, managers. 

It should be the duty of such a group 
to work out and operate long-range 
plans for the development of the pro- 
fession of engineering as a whole, 
within its territory. 

The actual work of such a commis- 
sion, other than its general planning, 
presumably would fall upon subcom- 
mittees. One subcomrpittee might be 
devoted to continued scientific and 
technical education of engineers after 
graduation. In cooperation with engi- 
neering schools within its territory, its 
job would be to provide suitable educa- 
tional opportunities, including "re- 
fresher courses” and up-to-the-minute 


instruction in new theory and practice, 
for men who have finished their formal 
schooling. In large industrial centers 
this might be done thrpugh evening 
classes, and in more scattered localities, 
through correspondence courses. 

A second subcommittee might be 
devoted to nontechnical education of 
engineers. Its objective would be to 
provide the engineer, probably a few 
years after graduation, with the latest 
and best information on the human and 
social side of industry, as well as on 
the needs of the individual in dealing 
with his fellow men. Instruction would 
include such matters as corporation 
finance, organization of industrial re- 
search, patent law, psychology, labor 
relations, and broader aspects of eco- 
nomic and social philosophy. 

The courses thus made available by 
these two subcommittees would not be 
offered at random, but would be care- 
fully graded and timed to the three 
stages of progress of the young engi- 
neer — by which I mean : 

First — the technological stag:, when 
he is still a private in the ranks, taking 
but not giving orders. Here he needs 
to know, in addition to his technology, 
how to get along with his associates. 

Second — the supervisory stage, when 
he has a few or many people working 
under him. At this period he needs 
to know much about the philosophy of 
handling men, and the law and public 
opinion about the relations of employer 
and employed. 

And third — ^the policy stage, when 
he sits at or near the top, and is looked 
to for sound judgment and foresight in 
framing company policy to solve all the 
puzzles *that confront his company in 
this fast-moving world. 

A word of caution ; No such educa- 
tional program should be undertaken 
with the idea of producing mature engi- 
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neering executives in ten easy lessons. 
Engineers are well aware that these 
skills — at all three stages — can be tem- 
pered only in the heat and cold of ex- 
perience. But the basic data, the or- 
ganized study of what has been learned 
from past experience — these are cer- 
tainly the job of education, and chiefly 
of postcollegiate, on-the-job educa- 
tion, where formal instruction can be 
so effectively tested against current 
experience. The purpose of this pro- 
posal, therefore, is to provide ma- 
chinery whereby formal instruction 
not available in a four- or five-year 
engineering course may be made avail- 
able to engineers at the time in their 
careers when it will be most useful to 
them. 

A third subcommittee could be 
charged with responsibility for voca- 
tional counseling of high school seniors. 
It would organize and train counseling 
teams to reach every high school in its 
area, so far as that would be possible. 
It would approach its task not as a 
selling job, but rather with a view to 
helping boys to find their proper place 
in society. Its counseling teams w^ould 
be armed with the excellent manual 
prepared by ECPD, and with such 
books as “Building an Engineering 
Career” by C. C. Williams. They 
would emphasize the rigorously high 
standards which the profession main- 
tains, and they would encourage to 
join this select profession, only those 
few high school seniors whose mental 
capacity, personality traits, and inclina- 
tions are in accord with the demands 
of the highest standards of engineering. 
This subcommittee, over a period of 
years, would have the satisfaction of 
helping to improve the calibre of the 
young men entering the profession. 
From personal experience I can testify 
to the satisfactions thus gained. 

Other subcommittees could be or- 


ganized as the need arose, such as one 
on standards of professional ethics, or 
one on public relations of the profession. 

It will be seen that this ^program 
w'ould l)enefit greatly by close coopera- 
tion with the Engineers’ Council for 
Professional Development, which is 
organized along closely similar lines. 
The ECPD has already assisted a num- 
ber of local groups in forming such 
committees and I understand is ready 
to do so on request for any other group. 
The idea of organizing evening courses 
and correspondence courses through 
engineering societies, likewise, is not 
original with the speaker. It has been 
done in a number of places, usually on 
a small scale and designed to satisfy 
the demand for specific courses, rather 
than as part of a long-range plan of 
])rofessional development. John S. 
Crout of Battelle Memorial Institute 
has recently suggested a very complete, 
well-organized plan of the latter kind, 
in a paper which was presented in 
March before the AIMR in New York. 
I am especially indebted to him for 
permission to borrow a part of his 
plan for inclusion in the present paper. 

I see, then, in the years ahead, no 
less need for practical technological 
training, but in addition to that, a 
need on the part of engineers for 'more 
understanding of science and its meth- 
ods, closer coordination between re- 
search and the other engineering occu- 
pations; and especially, I see a need 
for engineers trained to handle their 
social responsibilities with skill and 
statesmanship. I see a need for doing 
a much better job of interpreting the 
profession to laymen, chiefly for the 
purpose of attracting the very finest 
talent into engineering. And I look to 
the organized professiqtfi to work hand 
in hand with engineering schools, to 
provide tomorrow's engineers with the 
skills to solve tomorrow's problems. 
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1. Introduction. It is the purpose of 
this paper to present a portrait of an 
individual who must have a high place 
in our present day design, development, 
and research engineering. Whether 
we call this individual a mathematical 
engineer or an industrial mathematician 
is quite immaterial. Being a mathema- 
tician I prefer to call him a mathema- 
tician. Other mathematicians may pre- 
fer to call him an engineer or consent 
to the term ‘‘applied mathematician.’’ 
However, I wish to make a distinction 
between the mathematician who in his 
academic university career does re- 
search in the so-called field of applied 
mathematics and the mathematician 
who seeks a career with an industrial 
organization; it is of the latter that I 
wish to speak. 

Perhaps it w^ould be best to make a 
specific definition. I do not propose 
that this is an all inclusive definition 
nor even that it is a good one, but it 
will serve as a basis for argument. 

The mathematical engineer or the 
industrial mathematician is an indi- 
vidual who has been trained in engi- 
neering and mathematics through at 

♦An address delivered Before the annual 
meeting of the American Society for Engi- 
neering Education on June 20, 1947 at 
Minneapolis, Minn. 

The opinions expressed herein are solely 
those of the author and do not reflect those 
of the U. S. Navy Dept, in any way. 


least a masters degree {preferably a 
doctorate) and who then assumes a 
positio7i zvith an industrial organisation 
and practices the profession for zvhich 
he has been trained. 

The term “industrial organization” 
shall be used to denote its usual mean- 
ing, and governmental agencies en- 
gaged in research and/or production, 
])nvate laboratories and any other or- 
ganization, company or corporation 
which conducts design, development, 
and research engineering or quantity 
production. 

That such an individual already ex- 
ists and has tor some time is, I believe, 
quite clear to this group and therefore 
I do not think it worth while to give 
a historical background as to his evolu- 
tion. Suffice it to say that the recent 
military conflict gave greater impetus 
to the importance of mathematical 
paper analysis in design, development, 
and research engineering. However, I 
hasten to add that the mathematical 
analysis of this kind was widely used 
prior to the war and that the war only 
focused its importance and extended it 
to wider fields. In support of that 
statement I refer you to T. C. Fry’s 
article in the American Mathematical 
Monthly f where he discussed indus- 

tT. C. Fry, ^'Industrial Mathematics,” 
American Mathematical Monthly, Vol. 48, 
No. 6, Part II, Supplement, June-July, 1941. 
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trial mathematics and which is very 
good reading. 

Having thus defined a highly skilled 
scientist and assuming that you will 
agree that he exists, I should like to 
])roceed to a consideration of the two 
main topics which necessarily are asso- 
ciated with him ; namely, 

(1) the need for such an individual 
in our present day scheme of things, 
and 

(2) his background and education. 

2. The Need for the Industrial 
Mathematician. 1 believe that it is 
quite clear to this group that modern 
design, development, and research engi- 
neering has reached the place where it 
relies very heavily upon paper analysis 
before an idea is actually put into physi- 
cal being. The old concept of taking 
an inventor’s idea and immediately put- 
ting it into metal and then testing its 
practicability is still with us but it must 
be admitted that it is not as prominent 
as it once was and certainly is being 
overshadowed by the paper analysis 
method, especially by the larger indus- 
trial organizations. The savings of 
time, labor, and expense by this method 
have been well proved and this is prob- 
ably its biggest booster. Furthermore, 
the very important fact that a paper 
analysis leads to ideas for inventions 
arid mechanization cannot be over- 
looked. However, I hasten to add that 
a paper analysis does not always fur- 
nish the final answer to a design prob- 
lem ; that answer can at times only be 
achieved after the design has been built 
and tested ; but here again we may find 
a need for mathematics in the form of 
an assessment and evaluation of the 
testing. 

It is difficult to say what constitutes 
a paper analysis; it may take many 
shapes and forms. However, it may 


be characterized in the following 
manner : 

(1) A thorough statement of the 
problems connected with the dSsign or 
research ; 

(2) A transformation of the prob- 
lems into the language of an analysis 
which can be done on a drafting board 
or at a desk ; 

(3) A large number of problems 
connected with a modern design dis- 
solve themselves into the language of 
mathematics. These problems can 
then undergo a mathematical analysis, 
the results of which will appear in the 
language of mathematics; 

(4) A transformation of the mathe- 
matical results into the language of 
engineering ; 

(5) Complete the engineering to the 
stage of blueprints; 

(6) Should the finished product 
undergo extensive testing then there 
is a further step in the paper analysis ; 
namely, the evaluation of the test. 

The mathematical analysis con- 
nected with this modern method of 
handling design problems has reached 
a high level. In many cases it has 
reached the level which can very well 
be classified as research within the field 
of mathematics itself. It is therefore 
unreasonable to assume that the mathe- 
matical analysis mentioned above can 
be done by the usual engineering 
graduate. Nor is it reasonable to say 
that we must therefore teach more 
mathematics to all our engineers. As 
engineers and engineering professors 
you will agree that the engineer's cur- 
riculum is already quite full ; some uni- 
versities have found it necessary to 
adopt the five year plan. To burden 
him with more advanced mathematics 
than he is already receiving will not 
solve the problem. It is my firm opin- 
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ion that the solution lies only in further 
specialization ; namely, to train a 
mathematical engineer who has an en- 
gineering background and who majors 
in mathematics and preferably con- 
tinues to further his education to the 
level of a doctorate. 

Does this mean that the engineers 
should be taught less mathematics than 
they already are ? Since they now have 
a mathematician in their midst, it may 
seem logical that he will do the mathe- 
matics for them and they no longer will 
have a need for it. However, the an- 
swer to that question is an emphatic, 
NO! If for no other reason (and 
there are others*), there is still the 
very difficult task of arriving at a com- 
mon language between the engineer 
and the mathematician and vffiis is a 
very important problem. Each must 
have some understanding of the other’s 
subject in order that this common lan- 
guage may be reached. This further 
emphasizes the need for a specialist 
who has had some training in both; 
in other words the mathematician must 
also have some engineering background. 

To substantiate my claim that there 
is a need for this specialist about whom 
T am speaking, I can, of course, refer 
to the practice employed by many lead- 
ing industries today. Mathematicians 
have been and are being hired by indus- 
trial concerns. Aircraft, electrical, 
communications, and chemical indus- 
tries, research laboratories, govern- 
mental agencies, and plain production 
companies are finding a wider need for 
mathematicians. However, the past 
method of obtaining these mathema- 
ticians have not always been satisfac- 

*See, for example, W. L. Ayres, “In- 
teresting the Engineering Student,” Ameri- 
can Mathematical Monthly, Vol. LI, No. 4, 
April, 1944. 


tory and have lead to some sad and 
unreasonable experiences. 

As was pointed out by Fry, most of 
the mathematicians engaged in indus- 
try were ‘‘pure” mathematicians who 
had turned to applied mathematics, or 
engineers recruited from the ranks and 
taught higher mathematics by industry 
itself or by self taught methods. This 
hardly seems the ideal manner in which 
to ajiproach a profession. Some com- 
panies have hired pure mathematicians 
not really knowing what to expect from 
them; in turn the employees have not 
known how they could help the in- 
dustry and the results have at times 
been very unsatisfactory to say the 
least. 

The fault has not always been with 
the individuals hired nor with the in- 
dustry which hired them. In fact the 
fault lies with our educational institu- 
tions who have not educated indi- 
viduals to assume such positions nor 
have they educated industry to the 
proper use of such a man. The educa- 
tional problem is therefore two-fold. 
We must educate the individual and 
we must educate those who find a need 
for his services as to his capabilities 
and what they may expect from him. 
Let us therefore turn to the education 
of the industrial mathematician. 

3. The Education of the Industrial 
Mathematician. I do not propose to 
present here a complete solution to this 
difficult problem. I do not believe that 
we can at this time definitely outline 
an exact program for the education of 
an industrial mathematician. It must 
necessarily come as an evolution over 
a period of years. We are, of course, 
guided to some extent by the experi- 
ence of some engineering schools who 
are already emarked upon such a train- 
ing program. However, I should like 
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to express a few’ of my own personal 
(jpinions. 

Let us first subclassify the industrial 
mathematician into the following five 
groups : 

1. Statisticians. 

Quality control, assessment, proba- 
bility. 

2. Electrical Mathematician. 

Instrument design and develop- 
ment, communications. 

Mechanical Mathematician. 

Strength of materials, vibrations, 
elasticity, and plasticity. 

4. Dynamical Mathematician. 

Aerodynamics, hydrodynamics. 

5. Chemical Mathematician. 

There may be others or perhaps we can 
make finer divisions of fields of in- 
terest; however, the above five should 
suffice for this discussion. I wish to 
exclude the actuary statistician since 
his profession is well established and 
has been thoroughly expounded. 

Keeping the discussion still in terms 
of generalities there are two comments 
that I should like to make. First, I 
do not believe that taking a graduate 
who has had his undergraduate train- 
ing along the lines of pure mathematics 
and putting him through a graduate 
school of applied mathematics will de- 
velop an industrial mathematician. It 
will develop an applied research mathe- 
matician who can then do applied 
mathematical research in an academic 
way, but not an industrial mathema- 
tician. In other words, it is essential 
that the individual have some under- 
graduate engineering training. The 
second point is that we must pay some 
attention to the individual’s personality 
as well as his capabilities. His per- 
sonality must fit into an industrial or- 
ganization. Tht practice of making 
industrial mathematicians out of mathe- 


matics professors has at times lead to 
serious difficulty because a person who 
has for some years lived the academic 
university life could not acclimate him- 
self to the routine and habits of an in- 
dustrial organization. At times such 
an individual has become in the eyes 
of the organization what is termed a 
“long hair.” As a result he did not 
enjoy his work and it in turn did not 
assume its rightful importance. As to 
whether or not you can educate a man’s 
personality I shall not attempt to de- 
cide ; I leave that question for our edu- 
cators. Certainly some screening can 
be done before a life and a reputation 
is ruined. 

fn the education proper it is my con- 
tention that a doctorate is preferable 
and in the study leading to this degree 
he should cover the undergraduate ele- 
mentary courses in engineering and 
mathematics. Furthermore, the fol- 
lowing basic fields must be covered 
thoroughly : 

Differential Equations ; 

Numerical and Graphical Methods; 

Theory of Functions of Real and 
Complex Variables ; 

Operational Calculus; Vector and 
Tensor Analysis; 

Theory of Equations and Matrices; 

Mechanics ; Dynamics ; and Elec- 
tricity ; 

Field of Specialization. 

Throughout these courses emphasis 
must be placed on the solution of actual 
engineering problems wherever pos- 
sible. 

I am in no position to propose an 
actual curriculum; however, I should 
like to take the liberty of making a few 
suggestions which may^ aid in the 
preparation of curricula and their sub- 
sequent handling. 
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( 1 ) Consult industry in drawing up 
the curriculum. 

It is fortunate that there are men in 
industry today who are familiar with 
both the needs of industry and who 
have had experience with the problems 
of teaching college courses. These men 
would form excellent consultants for 
the university in the preparations of 
its curricula. 

(2) Employ men in industry as 
visiting lecturers. 

There are men in industry today who 
would welcome an invitation to spend 
one semester or one year as a visiting 
lecturer. Of course, the university 
must recognize that to induce a man 
to spend some time at a university, the 
stay must be made sufficiently attrac- 
tive. I believe that this can^ie done 
since it is being practiced by leading 
medical schools in this country. To 
counteract any argument that his stay 
in the university would be too short to 
bear fruit allow me to point out that 
besides his teaching to students the 
university can greatly benefit from his 
talents in other ways; namely, he can 
aid in the preparation of curricula; he 
can participate in staflF seminars where 
the present faculty can benefit from 
his experiences ; and of course, he can 
be retained as an expert consultant. 
Furthermore, he would form a very 
personal contact between the university 
and a particular industry and we must 
agree that closer cooperation between 
the two is a most desirable feature. 

(3) Close consultation between the 
engineering department and the mathe- 
matics department. 

Although this point Aould be very 
obvious I regret to say that in my 
experience I have not always found this 
to be true. Certainly all departments 
can benefit by making proper use of 
each other and such cooperation must 


exist for the greater success of any 
program. 

(4) Permit the present staff mem- 
bers to obtain some industrial experi- 
ence. 

f believe that this is already prac- 
ticed by many engineering depart- 
ments ; however, that cannot be said of 
the mathematics departments. A few — 
perhaps too few — industrial concerns 
and governmental agencies have tried 
(and found it to be successful) to hire 
faculty staff members in a temporary 
capacity for a short period of time, usu- 
ally during the summer months when 
normally the universities are not run- 
ning a full schedule. The benefits de- 
rived from such a relationship are nu- 
merous to everyone concerned. For a 
more detailed account of this theory I 
should like to call your attention to a 
paper published in the American 
Mathematical Monthly."^ 

However, we are here faced with 
two problems, (a) to sell more indus- 
tries the idea and (b) to sell the uni- 
versities the idea of granting leave if 
necessary for such experience, to en- 
courage participation by its staff mem- 
bers, and to recognize its worth by ap- 
propriate promotions and raises in 
salary. Certainly, such experience adds 
also to the prestige of the university in 
the same sense that publications do. 

(5) Encourage staff members to at- 
tend applied mathematics schools, con- 
ferences and meetings. 

Leave of absence should be granted 
if necessary. The university should 
make every effort to obtain grants, fel- 
lowships, travel money, or other uni- 
versity aids to enable younger staff 

♦ K. L. Nielsen, “Industrial Experience for 
Mathematics Professors,'* American Mathe- 
matical Monthly, Vol. LIV, No. 2, February, 
^ 947 . 
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members to take active part, and active 
participation slioulcl receive appropriate 
rewards. 

(6) Educate the cnghicers to the ex- 
istence of this specialist. 

In all probability when this indi- 
vidual joins an industrial concern he 
will be associated with the engineering 
department and will he placed under 
the supervision of an engineer. There- 
fore, in order that a mathematical engi- 
neer or industrial mathematician may 
best serve the itidustrial organization, 
these engineers must recognize the 
])roper manner in which he should be 
handled. The engineers must under- 
stand his ca])abilities, must not expect 
the impossible from him and must be 
able to recognize the worth of his work 
and understand his language. This 
man is a highly skilled .scientist ; he is 
not necessarily a design engineer. He 


can help the engineer in solving his re- 
search problems, but it can be done 
only with cooperation and understand- 
ing. Perhaps this education of the 
engineer should start with a more com- 
prehensive appreciation of mathematics 
on the part of engineering professors. 

4. Conclusion. As a concluding re- 
mark I should like to say that it is my 
fond hope that we may educate this 
scientist to the extent that he may take 
his rightful place in this modern tech- 
nological world ; that as engineers you 
will understand him and his place 
among you. It certainly behooves us 
as educators to train' any and all kinds 
of scientists in order that we may bene- 
fit from their endeavors both as a so- 
ciety and a nation ; and if the need be, 
that they may be ready to help us pre- 
serve our way of life should it ever be 
challenged. 



Research Policies at M.I.T. 


By JAMES R. KILLIAN, JR. 
Massachusetts Irstitutc of Technology 


Since the war, the relationship of 
research to education has been under 
active and sometimes vehement discus- 
sion at my institution. I therefore wel- 
come the opportunity of outlining our 
present policy and of removing from 
behind the ivory curtain certain vexing 
problems that we share with many in- 
stitutions. The continuance of spon- 
sored, i.e,, contract, research after the 
war has required new policies, some of 
which are still subjudicc. Moreover, 
the large scale of much of this research 
has raised questions which can be sum- 
marized in terms of an old paradox, 
“Have we educationally bitten off more 
than we can chew or are we chewing 
more than we can bite off ?“ 

Educational Uses of Research 

Let me begin by discussing some 
current problems of integrating re- 
search with engineering education, de- 
ferring until later the special problems 
of contract research. 

We all recall the “long hairs vs. 
hairy ears” argument that followed the 
war, and the repeated assertion that 
men trained in science, especially in 
physics, proved to be more effective at 
applied research than did the engineers. 
I feel that this assertioii, if analyzed, 
can be shown to be a half truth. Never- 
theless, the half truth that remains 
should force and is forcing a re- 
examination of some of our methods 
and procedures in engineering educa- 


tion, and of our use of researcJi as a 
method of teaching. 

The scientists ascribe their success 
in handling aj^plied research during the 
war to several factors ; The first is 
that they had advanced training and 
most of them held doctor's degrees. 
The second is that they had a funda- 
mental training in science that was 
both broad and deep, with the result 
that they were able to bring to bear 
upon practical problems a wider range 
of scientific learning and a more flexi- 
ble method of thinking. The third is 
that the training which they had re- 
ceived and the environment in which 
they had worked promoted creative 
thinking of a quite untrammeled kind. 
They were not normally concerned by 
any practical or economic limitations 
and they were instinctively inclined to 
dream and speculate, with a bold in- 
difference to limitations. 

Now this kind of training and this 
point of view are not a monopoly of 
the scientist, and there are fields of 
engineering which have embraced them 
for many years. The fact remains that 
engineering, while retaining its capac- 
ity to work under practical limitations, 
must at the same time adopt more of 
the analytical tools of pure science and 
its willingness to question standard 
practice. The feeling is widespread in 
many in.stitutions that research must 
be used throughout our engineering 
training to attract men of imaginative 
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minds and to train engineers who have 
the temerity and capacity to dream and 
speculate beyond the boundaries of 
the immediately practical. 

The engineering departments at 
most engineering institutions have long 
been wedded to the ])rinciple that re- 
search and the research atmosphere are 
essential to tlie training of both under- 
graduates and postgraduates and that 
a balanced stafT must involve creative 
competence as well as teaching compe- 
tence. I believe that this tendency to 
deci)en engineering education through 
stressing fundamental research is one 
of the most important changes now in 
process. I hclieve, too, that while engi- 
neers must always maintain their firm 
hold on the economic and applied as- 
])ects of their art, they can enormously 
benefit by promoting within their 
ranks an increasing numher of scholars 
with the courage to ignore conventional 
conceptions and with a comprehensive 
understanding of physical laws and 
analytical methods. 

The Problem oe Hardware 

Our concept of what constitutes ef- 
fective research in an engineering de- 
partment is subject to another con- 
sideration. The scientist generally 
undertakes to investigate a phenome- 
non or to seek a principle or to collect 
data bearing on a hypothesis. Some- 
times he may be interested in working 
on some component of a system, but 
rarely is he interested in a system. 
Engineers, of course, do this kind of 
research, too, but frequently they do 
another kind that results in some in- 
strument or machine or process or an 
entire system. In the current jargon, 
the scientist is not interested in pro- 
ducing “hardware**; the engineer fre- 
quently and properly is. Is there a real 
danger that too much emphasis on 


hardware may reduce the effectiveness 
of engineering research in an educa: 
tional institution? 

We have been trying to clarify our 
own thinking as to when harclware, or 
the design of some entire engineering 
system, does provide a justifiable re- 
search objective. While realizing that 
there is no clear answer, we have con- 
cluded that if the hardware involves 
some new art and there is a great de- 
mand for men adequately trained in 
this art, then this kind of research can 
be vital. I cite as an example the field 
of control (including servomecha- 
nisms), an engineering art that is still 
under intensive development. Re- 
search in this field not only must look 
toward the production of an instrument 
as the end result but must comprehend 
an entire system, since the assembly 
and balance of the system is one of 
the essential research problems. There 
is a great need for men who are trained 
in the art of developing dynamic con- 
trol systems, and consequently any 
laboratory activity must deal with the 
over-all system. 

This emphasis on system research 
in the control field justifies another 
type of research which might commonly 
be out of place in an engineering insti- 
tution. I speak of research which in- 
volves the production of equipment. 
In this and a few other fields, because 
of the importance of the systems aspect, 
the production of equipment involves a 
new art and a research technique which 
is essential in training men in the field 
at an advanced level. There is no 
other way for these men to become ef- 
fectively trained other than to work 
on a project which involves the pro- 
duction of control units. More impor- 
tantly a systems project or the engi- 
neering of a piece of equipment can be 
an extraordinarily effective educational 
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* vehicle by requiring a synthesis of all 
that the student has learned. 

We believe that research on hard- 
ware or systems should meet these tests 
of educational validity. We also be- 
lieve that contract research should be 
subject to the same tests and should 
not overemphasize hardware. 

The Organization of Academic 
Resp:arcit 

Another problem that has reciuired 
much attention is the management and 
organization of research, especially that 
kind of research whicli is carried on 
by large groups of investigators. The 
war denionstrated the effectiveness of 
research teams, and we are now ex- 
perimenting to determine how cfTective 
group research can be within an aca- 
demic organization. In making this 
experiment, we are certain that re- 
search teams sliould never displace the 
brilliant individualist who works alone, 
but w’e want to find out how the two 
approaches supplement each other. 

One of the devices which we are 
using to handle group research — and 
to stimulate individual work — is what 
we call ‘‘centers of research.” These are 
interdepartmental organizations which 
coordinate the activities of various 
departments in important fields of over- 
lapping interest. While we call them 
“centers of research” because research 
is their predominant role, they are 
nevertheless playing a very important 
part in our educational program, espe- 
cially by providing superior opportuni- 
ties for senior and graduate student 
thesis work. 

These centers of research appear to 
be a highly satisfactory answer to a 
problem which has long confronted 
educational institutions, namely, that 
of handling those interests which reach 
outside the traditional departmental 


boundary lines and require the co- 
operation of the specialists from several 
disciplines. Certain institutions have 
tried to meet this problem by setting 
up special institutes. Others have set 
up new departments. It is our feeling 
that both of these solutions seem to be 
lacking in two desiderata: namely, the 
mobilizing of the interested personnel 
of the various departments into a co- 
operative whole while still recognizing 
each department’s special interest in 
the various aspects of the program, 
and, most importantly, the full coordi- 
nation of the research with the educa- 
tional program. 

We have established these centers of 
research in about half a dozen fields, 
but the first and the most highly de- 
veloped of our programs is our Re- 
search Laboratory of Electronics, 
which is operated jointly by the De- 
partment of Physics and the Depart- 
ment of Electrical Engineering. Some 
sixty-five graduate students are now 
doing their theses in this laboratory. 
It has a highly productive program of 
research that is managed by professors 
from the two collaborating departments 
and it maintains a concentration of 
e(juij)ment which is available to the 
stafiFs of the two departments. 

We believe that this laboratory is 
serving as a pilot plant for a new type 
of internal collaboration among de- 
partments having the fundamental sci- 
entific point of view and departments 
having the applied point of view. 
Through such mechanisms as this we 
hope to effect a fruitful cross-fertiliza- 
tion and thus minimize any invidious 
distinction between the engineer and 
the scientist. Joint laboratories of this 
kind also provide a means whereby the 
educational staff can cope with large- 
scale sponsored research. These labo- 
ratories provide a staff of administra- 
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tive officers and services which free 
the educational staff from routine 
work, thus permitting them to concen- 
trate on their educational and research 
activities. 

Contract Research — Its Values 
AND Limitations 

Coming now to some of the special 
problems of sponsored, or contract, re- 
search, I should like to state several 
guiding principles which we have laid 
down, and describe some inherent 
difficulties. 

Our first guiding principle is that 
sponsored research should be closely 
related to the normal program and 
recognized objectives of the institution. 
It should involve only work which can 
be carried out with enthusiasm by the 
staff and it specifically should not be 
work which the staff would undertake 
with reluctance and which would be 
unrelated to their educational and pro- 
fessional programs. A member of our 
staff is never ‘"assigned” to contract 
research. 

Our second guiding principle is that 
imposition of restrictions on publica- 
tion of research results, either for se- 
crecy or patent reasons, can become 
incompatible with the basic concept of 
an educational institution as a source 
and distributor of knowledge. Re- 
search contracts involving such restric- 
tions, especially long-term or perma- 
nent restrictions, should be undertaken 
only for exceptional or emergency rea- 
sons. No arrangement is permitted 
which could inhibit free and effective 
work by the institution in any scholarly 
field. No project is normally accepted 
unless it is open to qualified students. 

Our third guiding principle is that 
the compensation and privileges avail- 
able to the academic staff, including 
graduate students who are members of 


the staff, must never suffer in compari- 
son with the compensation available to 
staff engaged solely for contract re- 
search. This policy is of the greatest 
importance, since funds available for 
contract research frequently are less 
restricted than funds available for the 
regular academic program, and there 
is a consequent temptation to pay 
higher salaries to the personnel work- 
ing on these projects. 

We have carried out this policy of 
protecting the academic staff by dis- 
tinguishing sharply between our aca- 
demic staff, with its educational func- 
tion. and the nonacademic staff em- 
ployed specifically for contract re- 
search. The academic staff has impor- 
tant privileges, such as tenure, mem- 
bership in the pension association, op- 
portunity for graduate study, time for 
outside consulting, and extended vaca- 
tions. None of these privileges is 
available to the nonacademic staff. 

The compensation for nonacademic 
staff, however, is usually somewhat 
higher than are salaries of comparable 
academic appointees. In securing staff 
for research projects, we have had to 
meet industrial competition in recruit- 
ing, and their status with us is quite 
comparable to what it would be in 
industry. 

The same general policy applies to 
graduate students who have part-time 
staff positions. The nonacademic staff 
member who wants to take graduate 
work is limited to one subject per term 
and he may not present a thesis based 
upon sponsored research work for 
which he has received compensation at 
a higher rate than that available to the 
academic appointee. In contrast, the 
regular graduate student who also has 
an academic appointment as teaching 
fellow or research assistant receives a 
lower rate of pay but has full graduate 
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student privileges, including the oppor- 
tunity to work on sponsored research 
and use this work for thesis credit, 
provided of course it has been ap- 
proved and properly supervised. 

Maintenance of these two rates of 
compensation requires some dextrous 
tightrope walking, and is a difficult ad- 
^ ministrative procedure. In practice, 
j our Division of Industrial Cooperation, 
/ which manages our sponsored research, 
' gives preference to the academic staff 
when it is recruiting personnel for a 
contract project, but if the project can- 
not be staffed from our academic 
group, appointments from outside the 
institution are made in accordance with 
the policy I have outlined above. Even 
though the salary scale may be some- 
what lower for the academic staff, the 
academic appointment with the privi- 
leges it carries remains a more de- 
sirable appointment. 

Related to this general policy is our 
limitation on supplementary compensa- 
tion to academic staff members who 
work on contract research. Here we 
follow the policy that teaching and 
other normal academic duties must not 
be made less attractive than working 
on contract research. We share fully 
in the following recommendations of 
the Committee on Academic Tenure, 
Professional Service and Responsibility 
of the Engineering College Adminis- 
trative Council: 

‘Tf equity demands that supplementary 
compensation should be paid for extra 
work within an institution, the amount 
of such additional compensation should 
not be so high that it tends to reduce the 
importance of the staff member's regular 
work and salary, and to place a value on 
contract research or nonacademic assign- 
ment that is high in relation to the value 
placed on the usual academic duties. 

“Care must likewise be exercised to 
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avoid compensation inequities within an 
institution which result when some staff 
members, whose field of work may attract 
outside research, receive large supple- 
mentary salary payments while other staff 
members, in fields of less immediate ap- 
plication, but possessing equal or greater 
scholarship and professional standing, 
receive from the institution only their 
regular salaries. No plan of supple- 
mentary compensation should put teach- 
ing in an inferior position or tend to 
divert staff members from their obliga- 
tions to their students." 

In practice, our staff members work- 
ing on sponsored research have enough 
time released from academic duties to 
undertake the research. Out of ap- 
proximately two hundred academic 
staff members working part time on 
sponsored research, less than twenty 
are receiving supplementary compen- 
sation. Those who receive this extra 
compensation agree, for the period they 
receive it, to forego their privilege of 
engaging in outside consulting. 

Other Sponsored Research 
Policies 

Other more detailed tests which we 
apply to sponsored research include 
the following : 

(a) Some department or group of 
departments (or an academic organiza- 
tion such as the Research Laboratory 
of Electronics) must be willing to ac- 
cept responsibility for the project and 
must have available senior staff mem- 
bers who are fsee and willing to over- 
see the project. Contract research is 
thus under the jurisdiction of the aca- 
demic departments. 

(b) It must be possible to staff the 
project in accordance with the institu- 
tion's prevailing personnel policies. 

(c) It must be possible to staff the 
project without handicapping our edu- 
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cational program either by overloading 
the staff or by diverting from the edu- 
cational program the proper amount of 
attention and interest. 

(d) Final approval of the project 
rests with the academic dean who has 
jurisdiction. If the project is border 
line and the dean has doubts whether 
it meets the tests and principles laid 
down, he will bring it before an ad- 
ministrative committee composed of 
the president, the vice president, the 
dean of engineering, the dean of sci- 
ence, and the director of the Division 
of Industrial Cooperation. 

Reduced to a single statement, these 
principles say in effect that the con- 
sideration, acceptance, and priority of 
any sponsored research project are 


governed by the extent to which the 
proposed activity will carry forward 
the educational objectives of the 
institution. , 

In conclusion I would reiterate that 
research, aimed at advancement of 
knowledge or development of its prac- 
tical applications, is both a method of 
advancing knowledge and a method of 
teaching and that it must be both when 
carried on in collaboration with stu- 
dents. In meeting this educational test, 
our research programs must also help 
to create that subtle kind of environ- 
ment where scholarship and creative 
activity flourish ahd great minds feel 
at home. The creation of this kind of 
environment is one of the major tasks 
of our engineering institutions. 



Contributions of Science and Technology to 

Education 


By N W. DOUGHERTY 

Dean of Enqincerwq, The Unh'ersify of Tennessee 


Tliis is niy text : 

“And he it as his opinion, that 

whoever could make two ears of corn or 
two blades of grass, to grow upon the 
spot where one grew before, would de- 
serve better of mankind and do more es- 
sential service to his country, than the 
whole race of politicians put together/’ 
(“Gulliver’s Travels” — Swift) 

A few days ago there was an edi- 
torial in one of the Knoxville pa])ers 
op]Josing the establishment of a Federal 
Science Foundation. For more than 
three years all of the national organiza- 
tions, of which I am a member, have 
been^ working strenuously for such a 
measure. This difference of opinion is 
caused by a difference in understanding 
of what is meant by science, its devel- 
opment and its implications. Today I 
wish to talk a little about the contribu- 
tions of science to education and in so 
doing I will trace briefly the movement 
toward originality and the questioning 
attitude. 

Here in Memphis you make a special 
effort to cause a newcomer to feel at 
home. Should you find his basic phi- 
losophy out of tune with that generally 
accepted in your town you will, like 
citizens of all other communities, ques- 
tion his motives and resist his innova- 
tions. Leaders in education are the 
same leaders that we find in other ac- 


tivities. Tf innovation upsets their be- 
liefs they resist and move into place 
their heaviest artillery. 

I^eforc developing the contributions 
of science and technology I will give 
a brief leview of the battle between 
utility and non-utility. Sometimes I 
believe that Don Quixote has returned 
and is doing battle with his wind mills 
all over again. 

The Beginning of Formal 
Edtvation 

The life of Lycurgus gives us a pic- 
ture of education in early Sparta. It 
was strenuous and designed to fit the 
youth to take their places as men when 
they reached the age of citizenship. No 
doubt much of the training was not 
necessary for the purpose but the over- 
all product succeeded in carrying on 
the traditions of a sturdy people. Util- 
ity was the watclnvord of all their 
education. 

During the period of Athenian great- 
ness again we had a regimen of train- 
ing for citizenship but this time on a 
broader base than the training of 
Sparta. Plato enunciated the doctrine 
of “Philosopher Kings,” or educated 
rulers of the state. He recommended 
that the wisest men be placed in charge 
of public affairs and then only after 
they had shown real aptitude for gov- 
ernment. This is what we do in busi- 
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iiebb ill America but too often we take 
the attitude that anyone, who can be 
elected by the people, can govern well. 
Our experience has shown that apti- 
tude for government is as essential as 
free public choice. 

When the European universities 
were founded they adopted curricula 
that were useful. Objectives were 
stated and programs developed to ap- 
proach the stated objectives. Of 
course, always the curricula included 
known knowledge or known informa- 
tion. Whatever custom has dictated 
habit will continue until a crowding of 
the program will squeeze the old 
courses out. Throughout the Middle 
Ages the program was made up of the 
humanities, language, literature, speech, 
history, philosophy, architecture, mu.sic, 
the fine arts and mathematics. Since 
the books were wTitten in Latin and 
Greek knowledge of these languages 
became the hallmarks of the scholar. 

Probably the strangest thing in all 
education is the veneration with which 
the Ancient Languages have been held 
and the persistence of the oldsters that 
these languages have unusual educa- 
tional value. True, the reason for their 
study has passed with the translations 
but the study itself persists as a mental 
discipline or as an aid to the learning 
of English. I don’t object to anyone 
learning Latin and Greek who wishes 
to learn ancient languages but T do ob- 
ject to the notion that these languages 
are necessarily badges of educated 
people. 

When once an idea or method is ac- 
cepted it persists until uprooted by a 
substitute idea or method. Often the 
battle is long and the change comes 
many generations afterward. This 
persistence of the old poses a whole 
series of problems in modern education. 
New subject matter has been devel- 


oped, new skills have been acquired 
and new methods have been devised. 
These have been superimposed upon 
the old way of doing things and as a 
result there has developed great differ- 
ences of opinion as to the correct course 
to pursue. No simple answer is in the 
offing. 

Some very distinguished educators 
decry the study of utility subject mat- 
ter; others go to the extreme of "no 
utility, no study.” If we follow the 
usual law of compromise we will accept 
a pathway somewhere in between these 
extremes. The doctrine of the mean, 
or of the middle of the road, is very 
old and it usually finds a workable 
plan. T.et me illustrate the different 
points of view' by quotations from an 
apostle of each extreme. 

‘^But whatever the subject matter and 
approach, the main emphasis should al- 
wa3^s fall on understanding, or insights 
for their own sake, rather than on in- 
sights merely as a means of action and 
belief. Thus a liberal education should 
include the study of religion as an his- 
torical phenomenon, a type of human 
experience, and a pattern of belief" . . . 
it should not demand acceptance of any 
specific religious beliefs or promote any 
specific religious practices. Its function 
is to enlighten, to promote understanding, 
not to proselytize. This applies not only 
to religion but to morality, art, and poli- 
tics. In a democracy, it dare not even 
proselytize for democracy itself.” 

(‘‘Liberal Education Re-examined.”) 

Being a technologist I have always 
had difficulty with this point of view. 
It is strange that in a democracy, where 
one is permitted to hold these opinions, 
it is counted illiberal to say a good 
word for democracy. Our kind of re- 
ligious belief will aHow its followers to 
study all other kinds of belief, yet the 
follower must not say a good word for 
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liis own religion. The study is to pro- 
mote understanding and not to make 
converts. Now let us examine the 
other point of view : 

'‘Knowledge, notwithstanding its great 
^aluc to people generally, is not to be re- 
garded as an end in education, but simply 
as a means to other ends which lie be- 
yond. It is those ends which are valuable, 
rather than (he knowledge, itself; and, un- 
fortunately pupils can, and often do, ac- 
I quire knowledge without attaining the 
ends at all.” 

(“Permanent [.earning.” — W. H. 

Lancelot) 

Here is one educator looking for 
knowledge for its own sake and another 
bothered because some students get 
knowledge for this purpose and not 
because of its utility. Down deep 
under the skin of both these educators 
we will find that they are both inter- 
ested in the great task of living and, 
of iiecessity, they are interested in the 
coordinate task of making a living. 
One would emphasize the art of living, 
the other would emphasize the science 
of making a living and its implication 
on the living of others. Both are im- 
portant; one cannot exist without the 
other. If we think of making a living 
as an integral part of the living we can 
begin to reconcile the two points of 
view. 

To be a graduate of a technical school 
one runs the danger of overemphasis 
of the “doing and the getting*' rather 
than on “the being and believing.” 
Nearly always the doing and the get- 
ting makes possible the being and 
believing. 

How does it come about that we are 
attending the commencement of a tech- 
nical high school ? It is a type of school 
which began in this country in 1824 
and has grown in the 123 years to a 
real stature and satisfies a very press- 
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ing public need. Science as a method 
of thinking is very old though its 
growth and application is very new. 
Down the corridors of time men and 
w^omen have applied the questioning 
method to their surroundings and have 
thus contributed to the sum total of 
science. 

We usually think of the Prophets 
of Israel as religious leaders, and they 
were, but when they spoke against for- 
malism, the substitution of understand- 
ing for sacrifice and the seeking of 
Jehovah for burnt offering they were 
following the spirit of freedom which 
is the spirit of science and technology. 
In the golden age of Athens there was 
a spirit of inquiry, a searching for the 
truth and at times men caught the 
spirit of freedom which led to origi- 
nality and the breaking away from tra- 
dition w’hich slavishly ties the human 
mind to accepted customs and denies 
to them future possibilities. 

Then there settled down on the 
w^orld a fog of tradition and status quo 
which we now call the Dark Ages. It 
was not broken until Columbus discov- 
ered America and men of good will 
began to question the authority of other 
men. Such sages as Galileo and Coper- 
nicus broke with the past and became 
the vanguard of a new method of think- 
ing. For four hundred years men have 
sought out new things, new ideas, new 
methods until today we are beginning 
to understand the world about us and 
to postulate how it came into being, 
how it is maintained and how human 
beings can live together on it. 

The change from the Dark Ages did 
not come in a day. It was a long hard 
struggle out of the night. Wc are at 
its morning tide rather than at its high 
noon or setting sun. As you go out 
into more education or into tlie life 
of the community you will take your 
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place in society at the beginning of a 
new age. Yon, and others of your kind 
of training, will have to learn how to 
control and manipulate this new 
strange world of atomic power. 

No works, no achievement has fired 
the imagination of the American people 
like the activity at Oak Ridge, Ten- 
nessee. Right here in our State we 
have the number one research project 
of the World. Its possibilities stagger 
the imagination; its probabilities are 
taking very active shape both as an 
energy source and as a harbinger of 
new frontiers in medicine and biology. 
Its power has been demonstrated. 
When I saw the picture of a column 
of water 2,000 feet in diameter raised 
to a height of half a mile I w'as con- 
vinced that w’e had a power source 
which would compare wdth Vesuvius 
at its heyday. All w’C have to do is to 
develop its control and economical use, 
but power is probably not its greatest 
possibility. Radio-active isotopes may 
be used to study the life process, to find 
cures for dreaded maladies, and to pre- 
vent the recurrence of disease. 

The effect on our way of living may 
be illustrated by a brief review of 
things we already know. In 1763 
Walt began his w^ork on the steam en- 
gine. The device w’as old at that time 
but it had not been improved to a de- 
sirable state of efficiency. Under 
Watt’s genius the steam engine took 
form as we know' it today and along 
with its development the world has 
changed over from the use of man- 
power to the use of steam power. If 
we tried to enumerate all the changes 
which have occurred our list would be 
very long. Three developments will 
be enough to illustrate what I mean. 
The factory system took the work from 
the home to the engine operated plant ; 
the steam locomotive took the burden 


from the backs of men and animals 
and placed it on bands of steel; and 
the steam boat made obsolete vessels 
driven by wind and placed tljeir con- 
trol in engines far below decks. 
Should we follow’ the ramifications of 
these three changes which were due to 
the steam engine we would find that 
the path was strcwui with misunder- 
standing and fears along with improve- 
ments and great advantage. 

One more application of power will 
help us to vision the changes that may 
come with this new source of energy. 
In the 1880’s the d>namo was devel- 
oped to a usable niachine. Faraday 
had discovered it fifty years before but 
its development and use waited for 
Edison and his genius for making Use- 
ful things. For bclt^ and gears were 
substituted w’ires, switches and resis- 
tances. A generator at one place could 
pull motors all over an area. Motors 
w’ere developed of all sizes from that 
operated by the dentist to that housed 
in the electric locomotive. The factory 
system became the assembly line of 
operation and the home became filled 
w ith electric devices and gadgets. Our 
homes in 1947 are far difTerent from 
those of our grandfathers before the 
turn of the century. 

Now let us take a look at an idea 
w’hich has changed practically all of our 
methods of treating disease. Louis 
Pasteur proved the germ theory of 
disease and by this one step he made 
possible the treatment of hundreds of 
diseases that had baffled the best minds 
before his time. Smallpox, typhoid 
fever, yellow fever, malaria, dysentery, 
food poisoning, and a hundred of oth- 
ers fell before the new onslaught. The 
life span was increased and many of 
the scourges of the *Dgrk Ages were 
only things of history. 

Here at our very doors may be a new 
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agent which will combine the changes 
of great power with the changes which 
came with the germ theory of disease. 
Your day will be a very interesting day 
in wliich to live. 

Now let me come back to the warfare 
between utility and non-utility in edu- 
' cation. The battle will probably not be 
won by either side but l)y a better inter- 
pretation than either side has given to 
this date. Utility cannot exist by it- 
self; it must carry with it some of the 
vciy virtues claimed by the non-utility 
advocates. 

What are some of the additions to 
education which have grown out of sci- 
ence and technology? First of all, 
there has been a raising of the level 
of manual skills for the whole popula- 
tion. In Watt’s day the greatest handi- 
cap he had in making an engine was 
the skills of his workmen. Tocla} hun- 
dreds of w'orkmen have skills not pos- 
sessed by a single workman at that 
time. The schools have assumed a re- 
sponsibility in furnishing many skills 
which w’ere acquired by the apprentice 
s) .stem a couple of generations ago. 

During many centuries the race has 
developed methods of ([ualitative think- 
ing; science has added a method of 
quantitative thinking. True, there 
have been people in every generation 
wdio have dealt in figures and balance 
sheets but the idea of accurate measure- 
ment is comparatively new. New for 
more reasons than one ; first, there was 
little need for accurate measurements, 
and second, there was no equipment 
available for such measurements. Now 
science always asks, when, where, how 
much, how little, how accurate, what 
error, what tolerance, etc. To the edu- 
cational process has been added all 
kinds of ways of making measurements 
and methods of determining their accu- 
racy. It is important to know the 
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quantity, the cost, the availability and 
the amount of work necessary to make 
a machine or a product ready for use. 

Probably the distinguishing charac- 
teristic of our thinking over that of the 
ancients is the questioning attitude. 
As we measure quantities and we try 
to measure everything, we constantly 
search for magnitude. If it cannot be 
measured we raise a question about its 
very existence. No longer do we take 
statements on authority; we want au- 
thoiity to establish itself and prove that 
it has a right to speak. Oracles, divina- 
tions and seers have a hard time mak- 
ing places for themselves in our gen- 
eration. A thing is not necessarily 
good because it is old, neither is it good 
because it is new ; it is good because 
it serves a useful purpose and is suited 
to that purpose. There are few uni- 
Aersals anymore. 

I say we are wary of univcrsals 
though w c may be much nearer to them 
than ever before. For example, all 
matter may be one matter and certainly 
matter and energy are \ery much akin 
to each other, if not identical. 

The experimental method offers a 
w’a> to discover the soundness of a 
point of view' or the conclusions from 
observations. It does not accept on 
authority unless the authority is bol- 
stered by suppoiting data and it fur- 
nishes a method by which the data 
themselves may be tested. 

Many are distressed that they cannot 
have authority in w'hich to seek refuge. 
They do not care to do the testing, they 
do not desire to do the questioning and 
consequently have little need for the 
method of experimentation. They can 
go their merry way and believe as they 
please but should the sailing ever be- 
come rough, and they desire to test 
their position, they still may use the 
experimental method. True it de- 
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mands a certain amount of aptitude for 
good results, but the questioning is 
the beginning of the method. 

Science has given us a concept of the 
nature of the world, the universe, and 
all living things about us. All will 
agree that it is more satisfying to see 
nature through the eyes of understand- 
ing than through the eyes of supersti- 
tion and fable. The better the under- 
standing the more able we are to find 
our place in this vast creation. The 
more we know about ourselves and our 
methods of thinking and the actions of 
our emotions the better will we be able 
to live with each other. Science has 
made long strides to such an under- 
standing; more science will carry us 
farther in the way. 

We have learned that efficiency in 
service means symmetry in lines and 
harmony of the parts. Here is a law 
which makes possible the production 
of a piece of art by the designer of a 
streamliner, the airplane or the sky- 
scraper. Yes, we could name a dozen 
other contributions to esthetic construc- 
tion and not exhaust the catalogue. 
Let us consider for a moment the auto- 
mobile engine. It works under a hood, 
it is to be seen when being serviced or 
dismounted for repair, yet its lines are 
symmetrical, its form is not homely, 
and withal it is a thing of pleasing ap- 
pearance. Its design is for efficiency 
and performance and not for beauty or 
appearance. Were I an orator or a 
painter I could make a good word pic- 
ture or a canvas which will give you 
the idea that I am trying to express. 
As the scientist or technologist does his 
work well he creates machines, struc- 
tures, and devices which may be con- 
tributions to art as well as contribu- 
tions to his major objective of con- 
struction and production. 

Finally let me emphasize utility in 


production and distribution as a part 
of the larger program of resource con- 
servation. Wanton waste borders 
upon the criminal ; careful u^ for real 
needs is a very high virtue. As any 
worker does his job well he is con- 
tributing’ to the general welfare of the 
community and state ; he is conserving 
resources for his and future genera- 
tions. Any instruction which empha- 
sizes this phase of production and con- 
sumption is making a contribution to 
the general welfare of the state. We 
should commend such a program rather 
than condemn it. 

Utility is a virtue* when we are serv- 
ing a real want; utility may be a vice 
when it causes us to fragment our 
knowledge and place small bits of it 
into labeled compartments without re- 
lation to the whole picture. Let us not 
be afraid of utility but let us shun ex- 
travagance and selfish greed which 
may come in the wake of utility. Ef- 
ficiency is commendable; it will pro- 
duce goods and services which will be 
an asset to us all. 

Conclusion 

Seventeen and eighteen years ago 
when you were being born there were 
those who cast aspersions upon the 
technologist. They said he was creat- 
ing a Frankenstein monster which 
might turn and consume or destroy 
our way of living. We considered 
turning away from machinery and we 
tried to make work with pick and 
shovel, with rake and wheelbarrow. 
In some places we wore the leaves out 
by raking them so much. Then we 
decided that machinery had come to 
stay and the *'hack to the hand tooW* 
was a snare and a delusion. When the 
war came we were right glad that we 
had not junked our skills along with 
our discarding of the laws of econom- 
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ics. We had our debt but we still had 
our skills and they were enough to give 
us production in spite of our loose eco- 
nomic structure. 

There is a place in our society for 
every kind of knowledge. Each and 
every one of us has a right to learn 
whatever is useful and lawful, and 
there is no good purpose served vvlien 
any of us points his finger at any 
others of us* because of the form or 
bent of our study. There is an equality 
of all knowledge which should make us 
glad that some of us may have one 
kind of talents and someone else some 
other kind of talents that the whole 
scale of knowledge may prosper and 
grow in our midst. 


Let us therefore conclude that sci- 
ence and technology have their place 
in our educational plan. They have 
fought for this place and they deserve 
it because they contribute to our think- 
ing process, they add to our esthetic 
values, they help us harmonize our 
lives with our surroundings, they show 
us how we can conserve for the future, 
and they give us a better understand- 
ing of the qualitative thinking which is 
the heritage of the race. Let us, there- 
fore, hold our heads high with a full 
knowledge that we will be able to con- 
tribute our fair share to the sum-total 
of education and that our knowledge 
is essential to the solution of the cur- 
rent problems of our day. 
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Application of sound judgment and 
rational appraisal of all phases of our 
academic programs are paramount es- 
sentials at this time of increased de- 
mands on the civil engineering cur- 
riculum. Increase in humanistic-social 
studies within the scope of present cur- 
ricula can be accomplished in one of 
two ways ; either by reduction of tech- 
nical and professional courses within 
the four year pattern, or by extension 
to five years. The latter choice, fol- 
lowed by several schools, is in the 
direction of least resistance and implies 
that the technical courses as now given 
are sufficiently satisfactory. However, 
since the majority has chosen to retain 
the conventional four-year program, 
reduction in quantity and, perhaps, 
quality appears to be inevitable. Our 
experience at tlie University of Wash- 
ington suggests that problems arising 
from the present trend can be solved 
by judicious programming with the 
possibility of maintaining or improving 
both the quantity and the quality of 
structural courses. 

Exactly twenty years ago, our cur- 
riculum in civil engineering was com- 
pletely revised. At that time it was 
an accumulation of thirty years of mis- 
cellaneous courses haphazardly ar- 
ranged, the result of pioneer growth 
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typical of curricula in similar institu- 
tions. Each division in civil engineer- 
ing was placed in a clearly defined 
pattern and allofed an amount of credit 
appropriate to its relation to the field. 
Twenty per cent of the up]3cr division 
(junior and senior) credits were as- 
signed to structural courses. It was 
decided that a continuous sequence of 
low credit courses was preferable to 
intermittent high credit courses. 
Twent)' years of experience have 
proved conclusively the wisdom of that 
choice and, in addition, have served 
to reaffirm certain basic facts of learn- 
ing which are substantiated by every 
day experience. They arc not new 
discoveries but age-old principles which 
have fallen into disuse by our educa- 
tional system at all levels, primary, 
secondary, and collegiate. 

Several precepts, which are relevant 
to this dissertation, deserve to be men- 
tioned. Admitting their triteness, while 
cmj)hasizing their extreme importance, 
these simple statements provide the 
background of understanding for sug- 
gestions which follow. 

A sequence of natural growth is the 
essence of any effective program of learn- 
ing. The student must be aware that the 
program /follows a clear path from his 
background to his objective. 

Learning is attained by frequent, repet- 
itive use. Items of tvajor importance 
should be introduced as soon as possible 
and repeated as often as possible while 
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those of tninor importance can be placed 
accordingly. 

Prerequisite training always falls short 
of expectations. Essential prerequisite 
material must be repeated in subsequent 
courses. Courses at the professional level 
do not completely attain their objectives 
[and must be followed by continuous study 
on the part of the individual in the prac- 
ice of his profession. 

All progress requires change but in- 
discriminate change instead of producing 
improvement usually results in retrogres- 
sion as attested by numerous examples in 
diverse fields including the scholastic. 
When changes in training for a profes- 
sion are undertaken, provision must be 
made to remedy or neutralize errors as 
soon as they appear. 

Engineering education is not the mod- 
ern substitute for apprenticeship but is 
training for entrance into a profession. 
Minutia, trivia, and drill in techniques, 
should be subordinated and reserved for 
a term of internship in engineering em- 
ployment; otherwise advancement beyond 
sub-professional levels will be made more 
difficult because of misspent academic 
training. 

The adjectives ''difficult” and "unfa- 
miliar” are synonyms. Likewise, "easy” 
and "familiar” are identities. Any speci- 
fied item of our special discipline is diffi- 
cult only because it is unfamiliar. It is 
unfamiliar because of lack of proper re- 
lationship with its context. 

A well-considered program embody- 
ing the aforementioned precepts is the 
single prime requisite for effective pro- 
fessional training. The diverse divi- 
sions of civil engineering have a com- 
mon interest in structures. This does 
not mean that the structural division 
is the most important or that all civil 
engineers should be structural special- 
ists. However, it does mean that the 
structural courses can provide the uni- 
fying stem of the upper division of the 
civil engineering curriculum. In order 
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to serve this purpose, the stem itself 
must be unified. 

Academic scheduling by school years 
and by quarter or semester terms com- 
plicates planning and increases the im- 
portance of coordination within the 
structural sequence. It is practically 
impossible to correlate sub-divisions of 
the sequence and the school calendar 
although they should be related to the 
greatest possible extent. At the outset, 
allocation of an appropriate number of 
credit hours throughout the third and 
fourth years should be the extent to 
which the calendar is permitted to af- 
fect the program. 

Subdivision by function (bridges, 
buildings, dams, etc.) provides a system 
of classification but, being based di- 
rectly on diversity, defeats the objec- 
tives of a program. Similarly, subdi- 
vision by material (wood, steel, 
reinforced concrete) fails to provide 
the pattern for exactly the same reason. 
Both systems are based on obvious 
differences and tend to accentuate these 
differences in spite of the best efforts 
to the contrary. Both plans have been 
tried and have fallen short of our ex- 
pectations. Six separate compact com- 
partments developed despite every ef- 
fort to counteract the tendency. 

The mechanics of structures is the 
common ingredient of our discipline, 
regardless of function and material. 
It is the obvious stem along which the 
information and details peculiar to spe- 
cial uses and particular materials can 
be appended. Qassification by type of 
structure is not uncommon in both 
curriculum and literature but as cur- 
rently used it contributes to greater 
diversity than subdivision either by 
use or by material. During the first 
fifteen years of our efforts toward 
satisfactory programming, several ten- 
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tative experiments suggested the feasi- 
bility of a mechanics stem. As a re- 
sult, during the disturbed program of 
the war years with their accelerated 
tempo it appeared that failure of an 
experiment in programming would be 
insignificant compared to other dele- 
terious influences over which we had 
no control. Also, it became immedi- 
ately apparent that the prerequisite 
backgrounds of army and navy train- 
ees were so diverse that direct repeti- 
tion of the mechanics prerequisite was 
mandatory. Discarding all expecta- 
tions of attaining peacetime objectives 
in quantity but fully maintaining our 
objectives of quality, structural courses 
were programmed on the mechanics 
stem. 

Beginning with the roots of our dis- 
cipline in the field of mechanics, a 
sequence of natural growth proceeding 
in a clear pattern from the familiar to 
the unfamiliar was followed. The 
“three problems of structures” appear- 
ing in our older literature were revived 
and incorporated into the pattern with 
favorable results. To recall, the “three 
problems” are: 

1. Gi\en a structure and the loads, 
to determine the effects expressed 
in stresses and deformations. 

2. Given a structure and prescribed 
stresses and deformations, to de- 
termine the corresponding loads. 

3. Given the loads and dimensions, 
to design a structure which is 
adequate and economical. 

Inspection of the basic aspects of the 
three problems reveals that they em- 
body in natural order the procedures 
of our specialty. First, interpretation 
of facts gained by experience and 
experiment provides theory and speci- 
fications. Second, the theory and 


specifications are verified by further 
experiment. Third, application of 
theory and specifications provides a 
structure to satisfy a neea. Briefly, 
the first and second procedures are 
“theory” and the third is “design.” 
Accordingly, the first year of the pro- 1 
gram is devoted to theory and the' 
second is chiefly design. ^ 

Appraisal of all types of structuresi 
reveals the obvious fact, commonly^ 
disregarded, that a structure is an as- 
sembly of solid materials which ful- 
fills its functions by acting as a unit. 
Whether it be an airframe or a retain- 
ing wall, its members are no longer 
discrete portions but are components 
of an integrated whole which inevitably 
participate in the action of the whole. 
The unity of action of the structure 
itself suggests the unity of treatment 
essential to an integrated program. 
The adequacy of a structure is de- 
termined by the adequacy of each mem- 
ber and its connections to resist rup- 
ture and excessive deformation. Thus, 
the key to our present program is 
introduced in the form of the typical 
structural component which is subject 
to the actions of loads immediately ap- 
plied to it and all other actions trans- 
mitted to it through its connections. 

From the conventional viewpoint, 
this approach to the subject is fraught 
with almost insurmountable difficul- 
ties. Arising from unfamiliarity with 
fundamental prerequisite mechanics 
and mathematics, they can be over- 
come by proper presentation of basic 
mechanics and mathematics at the 
structural level. When coordination 
of prerequisite courses in mechanics 
and mathematics is obtained, much ^ 
time and misdirected effort will be 
saved. Lacking this coordination, the 
remedy is the responsibility of the 



JUDICIOUS PROGRAMMING OF STRUCTURAL COURSES 


197 


structural division. This can be done 
only by reintroduction of prerequisite 
materi^ in a fornji and language con- 
sistent with the pa tern which is to be 
developed. For example, M = A Sin 
)kx + B Cos kx + /(w), the equation 
I of general flexure should be developed 
Sand applied. The need justifies the 
lefFort which will be rewarded many 
Ifold. The situation is the more diffi- 
fcult because mechanics has impressed 
f the student as a heterogeneous miscel- 
lany of unrelated special cases and 
formulas expressed in terms of a mysti- 
cal philosophy known as mathematics. 
This unfortunate situation exists be- 
cause of failure to understand that 
mathematics is simply a precise, rather 
limited, and very useful language, in- 
stead of a philosophy which contains 
the secrets of the universe. 

A sequence of natural growth, men- 
tioned previously, is the most impor- 
tant requirement of an effective pro- 
gram. It must have its beginning in 
familiar, basic fact and follow a path 
of orderly development toward its ob- 
jective. There is no doubt that the 
structural sequence originates in me- 
chanics, particularly mechanics of ma- 
terials. In that subject the two basic 
facts and the two fundamental hy- 
potheses from which the whole of 
structural theory springs are intro- 
duced and applied in their simpler as- 
pects. The two facts are: (1) The 
Principle of Equilibrium, inherent in 
the very nature of force, and (2) The 
Axiom of Superposition, the whole is 
the sum of the parts. The two hy- 
potheses, by means of which observa- 
tions are idealized to permit simple 
mathematical statements, are: (1) 
Navier’s Hypothesis of the linear dis- 
tribution of force, and (2) The Hy- 
pothesis of Elasticity, which supposes 


direct proportionality of force and dis- 
placement. All structural theory and 
the tools for its application are derived 
by abstraction and approximation from 
these four elements. 

Prerequisite preparation, even though 
it be of superior quality, can supply 
the materials but cannot construct the 
foundation of the structural program. 
The foundation must be provided by 
the structural division. Too often, this 
essential requirement is not fulfilled 
because of our impatience to cover an 
extensive field in limited time. Ne- 
glect of this obligation vitiates against 
attainment of our objectives. Repeti- 
tion of the four elements of mechanics 
and a summary of essential mathe- 
matics are the materials for the foun- 
dation. 

Basic material should be reviewed 
at the structural level. Several plans 
have been tried. To this time, the 
most effective approach describes 
structures as massive, framed or spe- 
cial. A massive structure such as a 
gravity dam, provides the opportunity 
to consider force characteristics, super- 
position and Navier's Hypothesis. It 
must be remembered that the object 
is not to analyze a dam but to review 
the fundamental principles and proced- 
ures. Explanation of Navier's Hy- 
pothesis apart from elasticity, to which 
it is not related, is highly desirable. 
Special structures include suspensions, 
arches, thin shells, etc. and are not 
included in the required undergradu- 
ate sequence but are given in special- 
ized elective courses. 

Framed structures are defined as as- 
semblies of two kinds of components: 
(1) Panels, including sheets, plates 
and slabs, and (2) Members, includ- 
ing beams, columns, struts, ties, etc. 
The panel is regarded as a special kind 
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of member, being relatively thin, wide, 
and long, which may span in two di- 
rections. Types of framed structures 
arc : 

1. Panel, composed entirely of panels 
joined along their edges. 

2. Rigid frames, composed of mem- 
bers, with or without panels, in- 
tegrally joined and subject to 
loads applied within the spans. 

3. Trusses, composed of members 
joined in a pattern of triangles 
subject to loads applied at the 
joints. 

The typical member, common to all 
types of structures listed above, is a 
practically straight portion of theoreti- 
cally elastic material, usually of uni- 
form cross-section, which is attached 
at its span-ends to span-ends of simi- 
lar members. It participates with 
them in transmitting loads and resist- 
ing rupture and deformation. Con- 
sideration of an illustrative typical 
member provides an introductory pic- 
ture of its participation as a component 
in the behavior of the structure as a 
unified whole. The typical member, 
in general, is subject to a complex 
force distribution at its span-ends 
which is arbitrarily simplified to the 
conventional four components: direct, 
moment, shear, and torsion. Determi- 
nation of stress intensities and deflec- 
tions within the span cannot be made 
until span-end conditions are known. 

All structures are supported by the 
earth or some intervening structure. 
External attachments of structural as- 
semblies include innumerable possibili- 
ties. For purposes of calculation the 
range of possibilities lies between the 
lower limit of the hypothetical friction- 
less hinge or knife-edge and the upper 
limit of full fixity. The single-mem- 


bered structures are the cantliever, 
simple, supported cantliever, and fixed 
beams, columns, and shafts of basic 
mechanics of materials. Alt are char- 
acterized by hypothetical span-end 
conditions. Each is a special, ideal- 
ized case of the general member. 

The foregoing description is not in- 
tended as instruction for those who are 
familiar with the field but to suggest 
the picture that should be presented to 
the initiate. From this point, the nat- 
ural next step is the study of struc- 
tures of two members, the elementary 
truss and the elementary rigid frame. 
In this connection, the fundamental 
tools should begin to take shape. The 
distinction between primary and sec- 
ondary effects in both stresses and 
deflections should be emphasized and 
verified by theory. This requires the 
introduction, probably for the first 
time, of the subjects of general flexure 
and the derived concept of elastic 
energy. Proficiency in the language of 
mathematics is required for this pur- 
pose. Time and effort devoted to the 
development of this proficiency is an 
investment if for no other reason than 
to reveal mathematics as a servant 
rather than a master. Sastifactory re- 
sults cannot be obtained during th^ 
first year although they may begin to 
appear during the second year. Time 
is required to erase the imprint of 
years of indoctrination. 

At this point natural division of the 
sequence will appear: (1) the me- 
chanics of the structure and (2) the 
mechanics of the member. The for- 
mer is unrelated to the material and 
includes reinforced concrete, steel, and 
wood without distinction. The latter 
is specifically characterised by the ma- ' 
terial. Also, the structure must 
analyzed before its members can be 
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studied. Unfortunately, when this 
order is reversed and structural mem- 
bers and connections are considered 
without regard to the behavior of the 
entire assembly, effectiveness of the 
program is enormously reduced. Me- 
chanics of structures and mechanics 
of materials can proceed simultane- 
ously ; one supplements rather than in- 
teiriipts the other. 

After the general member is pre- 
sented and the conventional singlc- 
membered structures are reviewed, 
two paths appear which cannot be 
followed simultaneously The alterna- 
tives are rigid frames and trusses. The 
choice is a matter of personal prefer- 
ence since valid reasons can be found 
for either. Our experience indicates 
that ligid frames followed by ti\tsses 
offers more opportunity for correlation 
with mechanics of materials and con- 
sideration of loads on structures. In 
addition, it provides for the early in- 
troduction and suhserjuent repetition 
of the more important fundamental 
principles and tools. The program is 
planned so that all fundamentals of 
theory can be developed in the junior 
year. 

The program of the senior year re- 
I)eats that of the junior year in about 
the same order. Theory is treated by 
reference and repetition (not duplica- 
tion). The techniques of design, ap- 
plication of specifications and codes, 
and practical aspects of construction 
can be given the attention which they 
deserve. A fairly comprehensive view 
of the whole of structural theory gives 
a background for the development of 
structural judgment. Simultaneous 
consideration of the three materials in 
design studies contributes much in this 
respect. For example, the design of 
a short span highway bridge in each 


of the three materials arouses greater 
interest and provides more professional 
training than the same time and effort 
applied to an imposing structure of one 
material. Aside from the subject, the 
word “assume” has been dropped from 
our vocabulary because there is a 
natural sequence in each structural de- 
sign similar to that of the program 
itself which discredits the assumption 
method appearing throughout the texts 
as either fortunate guesses or pre- 
guessing a problem that has already 
been solved. 

There are several practical disad- 
vantages to the type of program just 
described Current textbooks are not 
adapted to this order of treatment and 
teaching by the conventional textbook 
method cannot be userl. Several books 
are needed for reference in each 
course resulting in a small library 
bv the end of the sequence. As a 
result, the student has used but a small 
portion of each book and is inclined 
to be overcritical of the book require- 
ments and of the books themselves. A 
considerable amount of supplementary 
material is needed to simplify complex 
treatment by the authors and to mod- 
ernize current books by making up the 
five to ten year lag that seems to be 
unavoidable. The full two year pro- 
gram for a given class must be fixed 
in advance and all instructors who par- 
ticipate in it must be fully cognizant 
of any changes that may be necessary 
in order to avoid omissions and dupli- 
cations. 

Accurate self-appraisal is both im- 
proper and impossible. Evaluation of 
the experiences of our graduates to- 
gether with their counsel and frank 
criticism attests the value of judicious 
programming. It is very clear that 
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careful planiTing of a sequence is the 
most important factor for the improve- 
ment of structural training. There is 
nothing novel in beginning at the be- 
ginning and deliberately proceeding 
from the familiar to the unfamiliar 
along a sequence of natural growth 
with frequent repetition of the import- 
ant principles and tools. Also, follow- 
ing a path into an extensive field of 
knowledge guided by the pattern of 
that sequence is not extraordinary. 
However, it behooves us to pause and 
consider our ways from time to time 
in order that we can better serve. 
Many problems of the present day can 


be resolved by application of time- 
proven principles and diligent effort. 

The limited scope of this presenta- 
tion leaves much to infcrei;ce and im- 
plication. Emphasis of the importance 
of programming, the characteristics of 
an effective program, and suggestions 
to those considering program changes 
are its objectives. Prescription of pre- 
cise details has been avoided. De- 
scription of successes and failures 
would fill many pages. May our ef- 
forts encourage those who strive to 
increase the effectiveness of profes- 
sional training to the end that attain- 
ment may approadi our highest aims. 


Necrology 


Joseph Peter Connolh, President of 
the South Dakota School of Mines and 
1'echnology since 1933 and associated 
with that institution since 1919, died 
October 7, 1947, after a lengthy illness. 

President Connolly, a leading state 
figure in the field of geology and sci- 
ence was the author of numerous bul- 
letins on mineralogy and the economic 
geology of the Black Hills and was also 
a contributor to the National Geo- 
graphic magazine and other journals. 
Tn 1940 he served as leader of the Na- 
tional Geographic Society-South Da- 
kota School of Mines joint paleonto- 


logical expedition. He was a member 
at large of the state committee on eco- 
nomic development, member of the 
South Dakota Natural Resources De- 
velopment commission, an honorary 
member of the executive board of the 
Black Hills Area Council of Boy 
Scouts, a member of the Tvumber and 
Mining committee of the Rapid City 
Chamber of Commerce, and in 1933-34 
was vice president and director of Civic 
Improvements Inc. Dr. Connolly had 
been a member of the A.S.E.E. since 
1937. 



Progress Report of the Committee on 
Undergraduate Curricula * 


Purpose 

The Committee on Undergraduate 
Curricula of the American Society for 
Engineering Education was appointed 
during the past year to study and to 
make recommendations to the Society 
regarding the requirements to be met 
in building undergraduate curricula 
and the most effective methods to be 
applied in educating prospective engi- 
neers. 

Committee Assignments 

The early activities of the Commit- 
tee have been confined to a study of 
chemical, civil, electrical, industrial, 
mechanical, and metallurgical engineer- 
ing curricula. As the work progresses, 
the Committee may recommend exten- 
sion to other curricula. 

Six Subcommittees, as listed below, 
have been formed with the member- 
ship of the original Committee: 

Subcommittee on Chemical Engi- 
neering 

Joseph C. Elgin (Chairman) 

Robert M. Boarts 

Thomas K. Sherwood 

Subcommittee on Civil Engineering 

Robert B. H. Begg (Chairman) 

Clarence L. Eckel 

Frank Kerekes 

^ Subcommittee on Electrical Engi- 
neering 

♦ Presented at the Fifty-fifth Annual Meet- 
ing of the A.S.E.E., Minneapolis. 


Paul Cloke (Chairman) 

John H. Lampe 
Joseph Weil 

Subcommittee on Industrial Engi- 
neering 

Ralph M. Barnes (Chairman) 
David B. Poiter 
Ray L. Sweigert 

Subcommittee on Mechanical En- 
gineering 

David L. Arm (Chairman) 
Llewellyn M. K. Boelter 
Harry L. Solberg 

Subcommittee on Afctallurgical En- 
gineering 

Robert F. Mehl (Chairman) 

John Chipman 
Matthew A. Hunter 

Approach to the Problem 

Engineering education has been be- 
set by special difficulties, some fairly 
subtle. This is doubtless due in part 
to disagreement within the profession 
as to the essential qualities that should 
characterize an engineer. We need to 
determine our position so that we may 
progress from that point. 

The first necessity is for careful 
planning as to education in engineer- 
ing. Is is of vital importance and can- 
not receive too much attention from 
the national professional societies. For 
any given branch of engineering it 
must be decided: 
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1. What is the scope of the branch 
of engineering in question; 

2. What qualities — what abilities-to- 
do — are needed in the graduate; 

3. What is the body of information 
that must be learned if the gradu- 
ate is to render maximum service 
in the field; 

4. How may a curriculum be as- 
sembled which will provide both 
the required body of information 
and the training necessary to de- 
velop in the student the qualities 
needed. 

Each Subcommittee of the Commit- 
tee on Undergraduate Curricula is 
now engaged in preparing what the 
members of the Subcommittee con- 
sider the ideal undergraduate curricu- 
lum for the field of engineering desig- 
nated. In considering these curricula, 
the Subcommittees have not felt it de- 
sirable at this stage to attempt a listing 
of specific courses, course content, or 
time distribution and allocation. It 
is realized that such a study will take 
several years to complete and that as 
background material the general ob- 
jectives of engineering curricula should 
first be determined. This report con- 
cerns those objectives — the qualifica- 
tions, criteria, and ideals which it is 
felt the engineering curricula should 
strive to meet. 

General Objectives of Engineering 

Curricula 

In its first approach to the problem, 
the Committee accepted the aims and 
scopes of engineering curricula as pre- 
pared by the Committee on Aims and 
Scope of Engineering Curricula and 
published in the March, 1940, issue of 
the Journal of Engineering Educa- 
tion, and also as stated in the May, 
1944, issue of the same Journal in 
the report of the Committee on En- 


gineering Education After the War. 
The American Society for Engineer- 
ing Education and the Engineers' 
Council for Professional Development 
have accepted the aims and scopes of 
engineering curricula presented in 
these two documents. To the con- 
clusions of the two A SEE reports our 
Committee wishes to add two new ele- 
ments of purpose: 

1. To cultivate competence in deal- 
ing with human, as well as social 
and engineering problems; and 

2. To unify in the mind of the 
prospective engineer the courses 
of his curriculum by employing in 
all of them the same fundamental 
approach to problems. 

The problem of the four- versus the 
five-year curriculum has been dis- 
cussed for many years. This Com- 
mittee believes that by proper atten- 
tion to the pro])lem of undergraduate 
teaching the work to be done in the 
training of the student for the bache- 
lor's degree not only can but should 
be done in four years, and that a fifth 
year at the undergraduate level merely 
subtracts a year from the student's 
professional life. The Committee is 
therefore working on the assumption 
that four years of training can equip 
the student with sufficient basic knowl- 
edge and facility in applying that 
knowledge to enable him to enter an 
internship in the engineering industries 
or to continue further studies. This 
conclusion conforms with that reached 
by the Committee on Aims and Scope 
of Engineering Curricula,^ as follows: 

“Engineering colleges serve diverse 
functions and prepare men for a wide 
range of technical, administrative, and^ 

1 Report of Committee ?n Aims and Scope 
of Engineering Curricula, Journal of En- 
gineering Education, Vol. XXX, No, 7 
(March, 1940). 
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executive responsibilities. Technologi- 
cal education should, therefore, be kept 
widely available, and engineering col- 
leges must continue to serve a corre- 
spondingly wide variety of purposes. 
They should not limit their aim to pre- 
paring young men for i)rofessional reg- 
istration and practice. 

“The present flexible arrangement of 
four-year undergraduate curricula fol- 
lowed by postgraduate work will better 
meet the needs served by engineering 
education than will longer undergraduate 
curricula of uniformly prescribed dura- 
tion.” 

In preparing its report, the Com- 
mittee will also consider the question 
of entrance requirements. There can 
he no doubt but that much of the 
difficulty in engineering education 
originates in the lack of artictilation 
between prc-college and college train- 
ing. What is' needed is cooperative 
effort between the two. However, the 
matter is broader than that and will 
lie taken up and discussed more fully 
by this Committee. Attention was 
drawn to the importance of selection 
and admission of students by the Com- 
mittee on Engineering Education 
After the War,- as follows: 

“Two problems stand out as of great 
importance: (1) Devising more valid 
means than have been employed in the 
past for selecting and admitting students 
and insuring better preparation in sec- 
ondary schools, and (2) building up fac- 
ulties not only to the pre-war level of 
effectiveness but well above that level. 
Engineering education can never advance 
beyond the qualifications of its students 
and teachers. Hence, the engineering 
profession, industry, and the public who 
have a vital interest in its welfare, should 

^ Report of Committee on Engineering 
Education After the War, Journal of En- 
gineering Education, Vol. 34, No. 9 (May, 
1944). 


vigorously support every possible means 
of improving the quality of its personnel.” 

What factors must combine now to 
keep the engineering profession abreast 
of the other great professions and to 
assure the engineer his rightful place 
in society? By design, let us make 
the training of the engineering student 
broad; let us encourage him to make 
the rest of his life follow the same pat- 
tern. 

The engineering graduate should be 
very firmly grounded in three fields : 

1. Basic science and mathematics. 
The engineer must be sufficiently 
well trained in fundamental sci- 
ence to have a genuine grasp of 
the science involved in his work. 
This grasp must be good enough 
that he may put it to use, that he 
may turn instinctively to science 
to disentangle a problem, and that 
he may work with scientists co- 
operatively upon a problem. His 
familiarity with science in a gen- 
eral way must be great enough 
that he may continually be able 
to apply the results of old science 
and of new current science to his 
work. 

2. Engineering. The engineer must 
be thoroughly grounded in engi- 
neering principles and techniques 
so that he may deal creatively 
with engineering problems. En- 
gineering education today verges 
between the extreme right of em- 
phasis on current engineering 
techniques to the extreme left of 
nearly complete absorption of 
pure science. The Committee 
holds that heavy emphasis on pure 
science precludes the teaching of 
true engineering and that heavy 
emphasis on techniques promotes 
only the repetifion of old tech- 
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niques and does not promote the 
development of new ones. The 
aim should be a little left of 
center, toward the pure science 
side of the median point between 
the extremes, for engineering 
turns steadily toward more com- 
plex analysis and toward the em- 
ployment of increasing amounts 
of science, and the colleges must 
lead in this. 

3. Sodal-Jiinuanistic subjects. These 
are additional subjects aside from 
the technical and scientific part 
of the curriculum. It is their pur- 
pose to develop the student so 
that he may play the part of a 
citizen in local, in national, and 
in world affairs. 

What composite constitutes engi- 
neering? The engineer must be able 
to operate in fields that physical science 
does not enter in a primary way — the 
human relationships of complex or- 
ganizations, the operation of estab- 
lished processes with the full recog- 
nition of the factors of efficiency, of 
costs, and of quality. He must have a 
sense of practicality, resting upon a 
knowledge of established techniques 
and what they can be made to do. He 
must have a sense of responsibility to 
see a job through. He must have en- 
gineering judgment. The fusion of the 
recognition of a practical need, of 
orderly thinking in scientific terms, of 
newly applying scientific principles or 
applying new scientific principles, of 


applying approximations to situations 
where exact analysis is too difficult, of 
the reconstituting of old elements into 
a new combination providing a new 
result, of assessing the features of a 
process as to practicality in terms of 
the attendant circumstances relating to 
human relationships, to availability, to 
costs, and to markets, to the end that 
new, or better, or cheaper products be 
made available to industry and thus to 
society — this composite constitutes en- 
gineering. 

Industry is rarely interested in em- 
ploying a graduate for what he knows 
only ; it is far more interested in what 
he can do. Not only that — his entire 
future is largely dependent upon his 
ability to continue to learn ‘^on his 
own,” both from study and from ex- 
perience, after graduation. When the 
needs of industry and -of the graduate 
himself are so clearly defined, it is the 
definite responsibility of our profes- 
sion and of the colleges which train 
engineering students to cooperate in 
the engineering educational program. 

Conclusion 

The Committee on Undergraduate 
Curricula greatly appreciates the help 
it is receiving from interested members 
of the American Society for Engineer- 
ing Education and will look forward to 
any further assistance in the way of 
comments or suggestions as its work 
progresses. 

Webster N. Jones, 
Chairman 



Recommended Visual Aids in Industrial Arts* 


By HAROLD R. NISSLEY 
and 

Tfir Clfvfi.ani) CriAnhK, Socihiv Trji< i he AdvancemilNT oi M \\ \f.F\iEN r 


Because of the vast number of films 
produced during the war — some good, 
some not so good — a dozen or more 
catalogs are available, listing all or 
most of the 16 millimeter films pro- 
duced in the last ten years. No attempt 
is made at evaluating any of these 
visual aids. A prospective user must, 
therefore, do some research if he is to 
get a film that will fit well into a pro- 
gram or put over a story. 

It was to serve as a first course 
screen that a study was made by the 
.Society for the Advancement of Man- 
agement (Cleveland Chapter) to find 
out what management films were worth 
showing. Sixty-four educators in six- 
teen of the country’s leading universi- 
ties and a few management people 
were asked to list the best films in 
their respective fields. The response to 
this inquiry was so great that it was 
decided to break the study down into 
convenient “packages.” One such 

* Space will not permit full acknowledg- 
ment of all the help given in this survey. 
But I would like to mention at least three 
people who contributed most to the study: 
Mr. Daniel Vaughan and Miss Adele 
Masilonis, both of the General Electric 
Company; and Professor Judson Neff of the 
Graduate School of Business, Harvard Uni- 
versity. The first two collaborated with the 
writer in the classification. Professor Neff 
had several hundreds of his cards in his film 
card file microfilmed; this Graduate School 
of Business file contains the data and profes- 
sional comments on the majority of manage- 
ment and industrial films produced in the 
last ten years. 


package, “Recommended Visual Aids 
for Supervisors,” appeared in the 
August issue of Factory Management 
and Maintenance. Another, “Recom- 
mended Visual Aids in the Field of 
Motion and Time Study,” will be pub- 
lished shortly. This is the last in the 
scries. 

It is hoped that the following list of 
films, by no means all-inclusive, will 
be a more reassuring list than that of- 
fered by the typical catalog — that it will 
save the time of those responsible for 
getting up a program or integrated 
series of meetings. The reader should 
bear in mind that this list is merely a 
first screen; the chances are better for 
getting a suitable visual aid from this 
list than a random selection from a 
catalog. But the safest plan — always — 
is to view a film before showing it; 
such a preview will give the program 
chairman the possibilities and limita- 
tions of his visual “prop” ; for what 
might be a good picture for one au- 
dience might be unsatisfactory for 
another group. 

All films are 16 mm. unless other- 
wise specified. The running time on 
16 mm. movies may be judged by mul- 
tiplying the footage by 0.04 minute in 
the case of silent and 0.025 minute in 
the case of sound movies. Thus the 
running time for a 575 foot sound film 
would be around 14.4 minutes. 

The films in this list had all shades 
of recommendations — ^from “fair” to 
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''excellent.” It should be understood, 
further, that a film might be "excellent” 
for a group of foremen but might not 
be good for a group of college fresh- 
men. Thus this list of recommenda- 
tions should serve merely as a first 
screen to anyone setting up an inte- 


grated program. It is hoped, then, the 
following list will save the time and 
expense of frequent inspection trips 
and in other ways augment'the teach- 
ing skill that is required during these 
days of large classes and insufficient 
faculties. 


Recommknoki) Visual Aids in Industrial Arts 


Title 

Romance of Glass, The 
Sound, 1250 ft. 

You and Owens 
Sound, 950 ft. 


'J'urrct Lathes 
Sound, 1200 ft. 

Turret Lathes- -Their Operation 
and Use 
Sound, 1600 ft. 

War Against Waste 
Sound, 935 ft. 


Charing and Operating a Cupola 
Sound, 450 ft. 

Chips 

Sound, 1200 ft. 

Countersinking, Counterboring and 
Spotfacing 
Sound, 725 ft. 

Double Ram Vertical Surface 
Broaching 
Sound, 1000 ft. 

First Principle.s in Grinding 
Sound, 1550 ft. 

How to Machine Aluminum 
Sound, 1200 ft. 

Locating Holes, Drilling, and Tap- 
ping in Cast Iron 
Sound, 600 ft. 

Single Ram Vertical Surface 
Broaching 
Sound, 950 ft. 


Glass 

Source 

Pittsburgh Plate Glass Com- 
pany, Pittsburgh, Pennsyl- 
vania 

Owens-Illinois Glass Co. 
Toledo 2, Ohio 

Machinery 

(iisholt Machine Co. 

1245 E. Washington St. 
Madison, Wisconsin 
(jisholt Machine Co. 

1245 E. Washington St 
Madison, Wisconsin 
Caterpillar Tractor Co. 

Peoria 8, Illinois 

Machining 

U. S. Office of Education, 
Washington, D. C. 

Warner and Sw^ascy 
Cleveland, Ohio 
U. S. Office of Education, 

Washington, D. C. 

U. S. Office of Education, 

Washington, D. C. 

(Castle Films) 

Educational Service Dept., Car- 
borundum Co., Niagara Falls, 
N. Y. 

Aluminum Company of America, 
Pittsburgh, Pennsylvania 
U. S. Office of Education, 

Washington, D. C. 

U. S. Office of Education, 

Washington, D. C. 

(Castle Films) 


Recommended By 
J. Neff, Harvard 


J. Neff, Harvard 


R. S. Lindenmeyer, 
Northwestern 

1 1. P. Goode, 
Stanford 

I. Neff, Harvard 


J. Neff, Harvard 

11. P. Goode, 
Stanford 

J. Neff, Harvard 


J. Neff, Harvard 


J. Neff, Harvard 


H. P. Goode, 
Stanford 

J. Neff, Harvard 


Neff, Harvard 
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Title 

Sincerely Yours 
Sound, 950 ft. 

10,000 Feet Deep 
Sound, 750 ft. 

Under the Hood 
Sound, 1500 ft. 


C dicers for Cellulose 
Sound, 875 ft. 

Origin and Synthesis of Plastic 
Materials 
Sound, 640 ft. 

Plastics 

Sound, 2000 ft. 


Building of a Tire, The 
Sound, 950 ft. 

Rubl)er Goes Synthetic 
Sound, 700 ft 


Bridging San Francisco Bay 
Sound, 1600 ft 


Making and Shaping of Steel, The 
Sound, 70 ft. 

Silent, 105 ft 


Magnesium, The Miracle Metal 
Sound, 1420 ft 

Metal Without an Equal 
Sound, 700 ft 
Sand and Flame 
Sound, 800 ft 

Story of Metal Bellows, The 
Sound, 1100 ft 


Oil 

Source 

Sun Oil Company 
1608 Walnut Street 
Philadelphia, Pa. 

Shell Oil Company 
787 Commonwealth Ave. 
Boston 15, Mass. 

Socony Vacuum Oil Co. 

205 Sixth Avenue 
Cambridge, Mass. 

Plastics 

Hercules Powder Co. 

Wilmington, Delaware 
U. S. Office of Education, 
Washington, D. C. 

B reskin Publishing Co. 


Rubber 

Firestone Tire & Rubber Co , 
Akron, Ohio 
Colonial Beacon Oil Co 
278 Stuart Street 
Boston, Mass. 

Steel 

U. S. Steel Corp. 

Film Distributing Center, 

71 Broadway 
New York, New York 
U. S. Steel Corp. 

71 Broadway 

New York, New York 


Other Metals 

Atlas Educational Film Co., 
nil South Blvd. 

Oak Park, Illinois 
Ampco Metal, Inc. 

Milwaukee, Wisconsin 
General Motors 
Detroit, Michigan 
Fulton Sulphon Company 
Knoxville 4, Tennessee 


Recommended By 
J. Neff, Harvard 


J. Neff, Harvard 


J. Neff, Harvard 


J. Neff, Harvard 

W. A. Wittich, 

U. of Wisconsin 


R S. Lindcnmeyer, 
Northwestern 


J. Neff, Harvard 
J. Neff, Harvard 


J. Neff, Ha vard 


H. P. Goode, 
Stanford 
W. S. Karabag, 
U. of Pa. 

J. Neff, Harvard 
W. A. Wittich, 

U. of Wisconsin 


J. Neff, Harvard 


J. Neff, Harvard 
J. Neff, Harvard 
J. Neff, Harvard 
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Title 

Facts About Fabrics 
Sound, 875 ft 

Rayon, A New Frontier of Prog- 
ress 

Sound, 1600 ft 


New Horizons in Welding 

Sound, 1000 ft 

Unionmelt Welding — i\n Electiic 
Welding Process 
Silent, 300 ft 


From Mine to Market 
Sound, 1600 ft 

Story of Shoes 
Silent, 800 ft 

Sugar 

Sound, 1025 ft 


Textiles 

Source 

E. I. DuPont de Nemours and 
Co., Inc. 

Wilmington, Delaware 
American Viscose Corp. 

350 Fifth Avenue 
New York, New York 

Welding 

Harnischfedcr Corp. 

526 Statler Office Bldg. 
Boston 15, Mass. 

Linde Air Products Co. 

1517 Superior Avenue 
Cleveland 14, Ohio 

Miscellaneous 

Phelps Dodge Corp. 

40 Wall Street 
New York, New York 
Medville Shoe Corp. 

25 West 43 Street 
New York, New York 
U. S. Beet Sugar Assoc. 
Business Films 
2153 K Street, N.W. 
Washington, D. C. 


Recommended By 
J. Neff, Harvard 

9 

J. Neff, Harvard 

J. Neff, Harvard 
J. Neff, Harvard 

J. Neff, Harvard 
J. Neff, Harvard 
J. Neff, Harvard 



ECPD Resumes Accrediting of Engineering 

Curricula 


A three-year program of re-inspec- 
tion of engineering schools for the 
purpose of accrediting engineering cur- 
ricula was announced by D. B. Pren- 
tice, President of Rose Polytechnic 
Institute and retiring chairman of the 
ECPD’s Committee on Engineering 
Schools, at the annual meeting of the 
ECPD in Montreal, October 24 and 
25. Committees have been selected 
and the program of re-inspection is 
now under way in some parts of the 
country. This work will continue un- 
der the direction of H. T. Heald, 
President of Illinois Institute of Tech- 
nology, who succeeds Dr. Prentice as 
chairman of the Committee on Engi- 
neering Schools. 

An objective of the accrediting pro- 
gram is the establishment of ‘‘criteria 
for colleges of engineering which will 
insure to their graduates a sound edu- 
cational foundation for the practice of 
engineering.” It is also an objective 
of the ECPD to “establish and main- 
tain an authoritative list of accredited 
engineering curricula to be available 
to state licensing boards, the engineer- 
ing profession, educational institutions, 
prospective students, and the general 
public.” 

Inspection is made upon invitation 
from the institution desiring to be 
considered for accrediting. Visiting 
committees, selected on the basis of 
the curricula to be considered, inspect 
the school and report their findings to 
a regional committee which, after con- 
sideration of all available information, 
submits its tentative recommendations 
to the Committee on Engineering 


Schools. The final decision of ac- 
crediting rests with the ECPD In 
chemical engineering, the inspection 
committees are selected by the Ameri- 
can Institute of Chemical Engineers 
in collaboration with the ECPD's Com- 
mittee on Schools. The findings and 
recommendations are then reported to 
the Committee on Schools of the 
ECPD. A curriculum may be fully 
accredited, provisionally accredited, or 
not accredited. Published lists in- 
clude only the first two categories. 
Provisional accrediting is based upon 
conditions which the ECPD has found 
not to be satisfactory, but which the 
institution has given satisfactory evi- 
dence of remedying in the near future. 

The ECPD has no desire or au- 
thority to impose any restrictions or 
standardizations upon engineering col- 
leges. In fact, it is a stated nolicy 
of the ECPD to avoid rigid standards 
and to encourage well-planned experi- 
mentation. The original accrediting 
program was carried on from 1935 to 
1937. It was planned at that time to 
re-inspect each institution at intervals 
of from three to five years. Because 
of the war, however, inspection was 
held to a minimum during the past 
five years. The Committee recog- 
nizes the fact that abnormal post-war 
enrollments complicate the operation of 
engineering colleges and may impair 
the effectiveness of instruction, but it 
is believed that the benefits which can 
be derived by a new accrediting pro- 
gram justify proceeding with the re- 
inspection under present-day condi- 
tions. 
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A program .of inspection and ac- 
crediting of technical institutes will be 
inaugurated by a Subcommittee on 
Technical Institutes headed by H. P. 
Hammond, Dean of the School of En- 
gineering, Pennsylvania State College. 
Technical institutes which claim to 
produce qualified engineers or which 
grant baccalaureate degrees will not 
be recommended for accrediting by 
the Subcommittee on Technical In- 
stitutes. 

Of the 167 degree granting institu- 
tions in the United States, 143 have 
been inspected (not including re-in- 
spections) and 134 have one or more 
engineering curricula accredited. At 
the present time, 508 curricula in vari- 
ous schools have been fully accredited, 
80 provisionally accredited, and 104 
not accredited. 

The Measurement and Guidance 
Project, under the direction of K. W. 
Vaugn, is proceeding on a program 
of four levels of examinations. These 
include: (1) an Engineering Science 
Aptitude test suitable for the guidance 
of secondary school students at the 
sophomore level, (2) the Pre-Engi- 
neering Inventory tests for students 
who have completed secondary school 
education and are contemplating tak- 
ing engineering, (3) a series of En- 
gineering Achievement tests for sopho- 
more engineering students, and (4) 
specialized examinations for graduates 
of the various branches of engineering. 
The Pre-Engineering Inventory tests 
are now used by over fifty engineering 
schools as an adjunct in the selection 
and guidance of freshman students. 

A proposal has been made by a com- 
mittee appointed by the Carnegie 
Foundation for the Advancement of 
Teaching to consolidate the principal 
examining agencies into one coopera- 
tive non-profit testing organization. 
This organization would embrace the 


College Entrance Examining Board, 
the Cooperative Testing Service of 
the American Council on Education, 
the Graduate Records Office, the 
Measurement and Guidance ^Project of 
the ECPD, and others. In order to 
maintain its present position in the 
engineering achievement testing pro- 
gram, ECPD has accepted member- 
ship on the Council of the American 
Council on Education. Such a co- 
operative testing agency would avoid 
costly duplication of automatic tabu- 
lating machinery needed to score the 
tests and would serve to pool the ex- 
periences of experts -in the testing and 
guidance field. 

The Committee on Student Selec- 
tion and Guidance of the ECPD, 
headed by C. J. Eckhardt, is distribut- 
ing posters to secondary schools and 
college preparatory schools giving in- 
formation on the personal qualifica- 
tions and preparation necessary for 
success in a career of engineering. 
These posters supply much needed in- 
formation for the self -appraisal of sec- 
ondary school students who are con- 
templating engineering as a career. 

The newly elected officers of the 
ECPD include J. W. Parker, chair- 
man; H. S. Rogers, vice chairman; 
A. B. Parsons, secretary; S. L. Tyler, 
assistant secretary ; E. H. Robie, chair- 
man of the Committee on Information ; 
C. J. Eckhardt, chairman of the Com- 
mittee on Student Selection and Guid- 
ance; H. T. Heald, chairman of the 
Committee on Engineering Schools; 
Scott B. Lilly, chairman of the Com- 
mittee on Professional Training; Ole 
Singstad, chairman of the Committee 
on Professional Recognition ; D. C. 
Jackson, chairman of the Committee 
on Principles of Engin^ring Ethics; 
and H. P. Hammond, chairman of the 
Subcommittee on Technical Institutes. 



A Machine Tool Designer’s Thoughts 
on Engineering Education* 

By B. P. GRAVES 

Director of Design, Brown and Sharpe Mfq Co 


Limitations to our Proposals 

Although there are probably many 
of your students who would enjoy this 
opportunity of telling you what should 
be done with engineering education, it 
is an assignment which a mature ma- 
chine designer hesitates to accept. I 
cannot tell you specifically what to 
teach, nor can I suggest how to teach 
it. At best I can but draw some broad 
conclusions from observations of engi- 
neers who have worked, and are work- 
ing with me. 

Perhaps I can take a cue from an 
inquiry. we recently received for a large 
straight edge. It was a routine re- 
quest for an 180 inch straight edge 
except that it contained the startling 
clause “guaranteed not to sag.” No 
suggestion as to how a straight edge 
can be prevented from deflecting. No 
comforting admission that .0005 or 
less, would be considered as good as 
no deflection. Not even a comment 
on the possibility of ever attaining the 
goal — just the blunt specification 
“Guaranteed not to sag.” 

I hope this was not one of your stu- 
dents serenely ignoring all you had 
taught him about the modulus of elas- 
ticity. Whoever it was, this inquiry 

* Presented at the Mechanical Engineering 
Conference of the A.S.E.E., Minneapolis, 
June 18-21, 1947. 


has suggested that I might describe to 
you the end result we would like to 
see in a young engineer after you have 
finished teaching him. TIow to get 
him to this state; what to teach him, 
and how to teach it, are your problems. 
Like the non-sagging straight edge, it 
may even be that the end is impossible 
of attainment, but unlike the inquiry, 
we are willing to allow you a liberal 
working tolerance and wonT insist on 
a guaiantee of perfection. 

Background for Proposals 

Since my views on engineering have 
been developed from a life-long associ- 
ation with the machine tool industry, 
it might be well to speak briefly about 
this industry to give a little background 
to my views. The industry, although 
the backbone of this mechanical age, 
is a small one. Its plants are not set 
up with endless assembly lines and it 
produces in lots of 1 to 50 rather than 
in millions. Its engineers must be 
versatile — prepared to work on all the 
problems presented by a machine, and 
on the partially related problems of 
such different machine tools as Grind- 
ing Machines — Milling Machines, and 
Automatic Screw Machines. Single 
Machines or small lots or machines 
cannot carry the costs of exhaustive 
studies, and a machine tool designer 
is limited in the time he can devote 
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to his particular’assignment. He must 
have a good knowledge of funda- 
mentals and must use this knowledge 
in making many decisions where exact 
information is lacking. For example: 
a designer must recognize the points 
where stress concentration will exist — 
must know the design steps to reduce 
its effects, and yet may never know 
just what the stresses are in the case 
involved for the cost of Incite models 
and strain gage investigations can 
rarely be carried by a single machine 
tool order, although we are doing 
much along these lines on our standard 
machines. 

Fundamentals — the Starting 
Point 

With this background, our first de- 
mand is for young engineers with a 
thorough training in the fundamentals 
of engineering. Men who know 
their matliematics, physics, mechanics, 
strength of materials, and the theory 
of structures so well that they have 
confidence in their knowledge and 
when faced with a new problem, will 
fall back on this basic knowledge and 
begin their analysis from there. In 
our industry there are hundreds of 
problems and fields of design which 
are not covered in college courses. No 
engineering school has courses in mill- 
ing cutter design and few students 
have heard about clearance, rake, and 
spiral angles. We do not think you 
should give courses in milling cutter 
design, but how are you going to pre- 
pare the young engineer who must 
take up this work? The surest way 
of helping him is to ground him in 
fundamentals. Make him so sure of 
his mechanics and force analysis that 
he won’t get lost in the complex forces 
which act on cutter teeth. Ground 
him in the basic concepts of heat; the 


conversion of work to heat, and the 
flow of heat through a mass and from 
one medium to another. We can give 
him details and help him on from here, 
but best of all, with such a basic train- 
ing he can go forward himself. 

As we began a new program of 
applying electrical controls to machine 
tools we were faced with many prob- 
lems in design. No College had ever 
considered these problems in their 
courses and in many cases the answers 
weren’t known. The engineers as- 
signed to the job were qualified only 
if they knew the fundamentals of en- 
gineering and were ^prepared to pro- 
ceed from there. 

A typical problem which bridged the 
fields of mechanical and electrical en- 
gineering was the design of a high- 
speed viscosity switch. In the opera- 
tion of a milling machine there are 
some actions which must be controlled 
by the direction of motor rotation. 
For example: When a milling cut is 
completed, it is desired to reverse the 
direction of table motion and to return 
to the loading position at quick tra- 
verse speed. If the cut is a blind one, 
or one approaching a shoulder, it is 
imperative that the reversal precede 
the shift to quick traverse. If this se- 
quence is upset the table jumping for- 
ward at quick traverse rate will jam 
the work into the cutter and cause a 
smash-up. To be certain the desired 
sequence of actions is never violated, 
a viscosity switch can be used and 
through it the direction of motor rota- 
tion can open and close control circuits. 
This was a simple solution except for 
the fact that there weren’t any success- 
ful, high-speed viscosity switches. A 
few bulky, low-speed devices were on 
the market but nothing* of small size 
that could be operated directly on a 
3600 RPM motor shaft. No courses 
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electrical or mechanical, cover the de- 
sign of viscosity switches ; no text book 
discusses the principles of design, or 
ventures empirical rules. Faced with 
design problems of this type, an engi- 
neer must depend on his knowledge 
of engineering fundamentals. Backed 
up with the ability to calculate the 
viscous drag of an oil film and a 
knowledge of the generation and dissi- 
pation of heat and its influence on 
viscosity, an ingenious designer can 
work out an acceptable design. With 
a sketchy knowledge of fundamentals, 
a designer will have a discouraging 
record of tries and misses. 

Hundreds of similar design prob- 
lems can be found in our industry; 
Small Tool design, gear pump design, 
hydraulic motors, grinding machine 
spindles, high-speed chain drives, etc. 
You do not teach these subjects in 
school — it would be an impossibility 
to try to cover them. The only help 
you can give a young engineer who 
must work in these fields is to ground 
him in fundamentals. Repeat, em- 
phasize, hammer away, at the funda- 
mentals. 

You know, I know, all good me- 
chanics know, even some of your stu- 
dents know, that you can’t slide a thin 
washer along a shaft by pushing at 
one point on its outer edge. The 
washer is self-locking, the fundamental 
analysis is simple and your students 
can probably draw the free body dia- 
gram. For all this I would still 'claim 
that you haven’t done a thorough 
enough job of getting across the funda- 
mental concepts. I can ^how you at 
least four variations of this problem 
where engineers have fallen into the 
self-locking or near self-locking trap. 
A V-plunger pushed by slow-moving 
table dogs, single shoe shifting forks 
moving splined clutches, short lands 


on intermittent gears, and small pin- 
ions journaled in large bearings. Give 
the problem some new clothes and the 
young engineer hasn’t a firm enough 
grasp of the fundamentals of friction 
analysis to see trouble spots. We have 
spent hundreds of design hours and 
thousands of dollars planning and mak- 
ing corrections just because designers 
did not or could not draw free body 
diagrams and unknowingly let friction 
forces get out of line with applied 
forces. 

I always hesitate a little when I get 
on the subject of friction for it sug- 
gests a group of our designers who 
were standing around a new machine 
looking at a mechanism which wouldn’t 
work correctly. One designer was ex- 
plaining that there was too great a 
difference between the static and 
kinetic friction coefficients and for that 
reason operation was erratic. An old- 
time mechanic who had assembled the 
machine rather bluntly interposed with 
‘T don’t think that’s it.” The de- 
signer, irritated, said “Why George 
I’ll bet you don’t know what static 
friction is.” “Oh yes I do — that's 
what wears the seats out of the pants 
of the Engineering Department.” 

Rigidity 

It is quite obvious to designers that 
parts must be so proportioned that 
they will not be overstressed by work- 
ing loads. Designers are far less aware 
of the necessity of proportioning parts 
to control deflections which occur un- 
der these loads. In the machine tool 
industry more design decisions are 
based on rigidity than on strength. 
Because of this, I believe more atten- 
tion should be paid to the analysis of 
deflection in machine design coufses. 

One of the first deflection problems 
in machine tools is described in the 
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book “English and American Tool 
Builders” by Professor Roe from 
which I quote the following: 

“Watt had been working for several 
years on the steam engine when the idea 
of a separate condenser came to him on 
that famous Sunday afternoon walk on 
the Glasgow Green in the Spring of 1765. 
Watt was a skilled instrument maker and 
his first small model was fairly success- 
ful, but when he undertook ‘the practice 
of mechanics in great’ his skill and all the 
skill of those about him was incapable 
of boring satisfactorily a cylinder 6" in 
diameter and 2’ long. For ten weary 
years he struggled to realize his plans in 
a full-sized engine. His chief difficulty 
lay in keeping the piston tight. Small 
wonder — for we find him complaining 
that in an 18“ diameter cylinder at the 
worst place, the long diameter exceeded 
the short by % of an inch. 

“Fortunately in 1774, John Wilkinson 
hit upon the idea of making the boring 
bar heavier, running it clear through the 
cylinder and giving it a fixed support at 
the outboard end.” 

With cutting tool deflection under con- 
trol, it was possible to bore cylinders 
“almost without error” so that one of 
50 inch diameter “did not err the thick- 
ness of an old shilling in any part.” 

The relationship between machine 
rigidity and accuracy of work sug- 
gested by Wilkinson's boring machine 
has been an important factor in every 
machine tool ever built. Modem ma- 
chine tables or slides cannot be po- 
sitioned with accuracies of .0001” un- 
less table screws, screw thrust bearings, 
and supporting brackets are designed 
to deflect less than .0001. Machines 
cannot produce surfaces of fine finish 
with micro-inch readings below 10 un- 
less wheel spindles and work support- 
ing members have good rigidity and 
can keep their relative positions within 
thi? .00001 figure. Machines cannot 


produce work flat and square within 
fractions of thousandths unless ma- 
chine ways can hold their alignments 
under shifting loads. * 

An engineer working on fine meas- 
urements or a designer working on 
small tools almost forgets the problem 
of strength and is instead forever con- 
cerned with the problem of rigidity. 
No one ever worries about whether a 
micrometer will break, whether a dial 
indicator post will snap, or whether 
a surface plate will be overloaded, but 
if any one of these deflects by .0001” 
it may be a failure worse than break- 
age. After all, there is something nice 
and positive about breakage, but a 
little error from deflection can quietly 
slip into your measurements and give 
you nervous exhaustion trying to 
reconcile repeated readings. 

There is one specific deflection prob- 
lem which I find generally ignored. 
That is the problem of the relative 
deflection of a journal and its bear- 
ings. Students will make lengthy 
calculations of load-carrying capacity, 
heating, location of oil inlets, and never 
suspect that deflection may make these 
calculations useless. Look at the hun- 
dreds of books and papers on plain 
bearing design and you will see that 
students are not alone when it comes 
to the neglect of deflection analysis. 

We appreciate the problem when we 
consider the design of plain bearing 
grinding machine spindles. These 
bearings lubricated with water thin oil 
(32SSU) and operating with a radial 
oil space of .0001 to .0002, are very 
sensitive to deflection. The overhang- 
ing loads produced by the grinding 
wheel on one end of the spindle and 
the V belt drive at the other end, can 
easily give a spindle ei!bugh slope to 
make it touch, metal to metal, on op- 
posite ends of a bearing* A student 
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impressed by the proportions usually 
shown for bearings or placing trust in 
the empirical rule that length should 
be two or three times the diameter, is 
likely to get into trouble. 

If you would have your students 
earn more than an "‘old shilling” when 
they graduate, and if you would help 
us preserve for our machines the title 
“The Master Tools of Industry” then 
teach deflection analysis as rigorously 
as you teach stresses, and make your 
students as conscious of the problems 
of deflection as they are of breaking 
loads. 

Unity 

The second recommendation I 
would like to make is that Iingineer- 
ing Schools do a much more tliorough 
job of integrating and coordinating 
their courses. The fundamentals of 
mechanics, physics, and strength of 
materials, should be more carefully 
traced through the advanced courses. 
Courses do not exist by themselves. 
They should show a strong thread of 
development from the fundamentals 
and should show the relationships be- 
tween courses. In this way, the whole 
engineering program can be given some 
unity. 

For more specific discussion we 
might consider a machine design 
course. It would be my suggestion 
that the course be set up to show how 
the fundamental courses, the basic tools 
of engineering, may be used in machine 
design. It should show a student how, 
by using force analysis, dynamics, 
strength of materials, et«., he can work 
out good designs. The course would 
not set up a new and diflFerent world 
with magic formulas and glimpses of 
practical know-how, and it would never 
be a haven for those students who sigh 
with relief that the theoretical and 


time-wasting courses in physics and 
mechanics are over. The course in- 
stead would show how the basic ideas 
covered in the earlier engineering 
courses, are the foundation of design. 
For all their complexity, gears are 
problems in uniform motion, the con- 
tact stresses of convex surfaces, the 
bending stresses of cantilevers and 
fatigue life under these stresses. 
Clutches and brakes are problems in 
friction, energy and heat, wear, and the 
nice force analysis of self-actuation. 
Ball and roller bearings are problems 
in stress and deflection and the basic 
principles of design hold true in all 
the many series that are offered. 

This dependence on fundamentals 
can be found in all the subjects of de- 
sign you teach. If you high light these 
fundamentals and show the strong 
thread of development from early 
courses through the design courses, you 
can give some unity to engineering edu- 
cation. A student would have a good 
chance to make practical use of the 
fundamental courses and would com- 
plete a design course with a clearer, 
surer knowledge of mechanics, physics, 
and strength of materials. 

The coordination of courses and the 
broad application of basic ideas were 
called to my attention in a simple ex- 
ample. The reversing clutches on the 
spindles of automatic screw machines 
have been carefully studied and ana- 
lyzed. We have understood the basic 
concept that in bringing a body up to 
speed with a friction clutch, you must 
waste in heat, an amount of energy 
equal to the kinetic energy which the 
body will have when it reaches top 
speed — that the energy lost in a com- 
plete reversal from full speed in one 
direction to the same speed in the oppo- 
site direction, is four times the kinetic 
energy of the body and that this is 
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twice as much lost energy as would 
be involved if the spindle could be 
braked to rest and then accelerated to 
speed. These relationships were also 
understood to hold regardless of 
whether clutch torque was large or 
small, constant, or variable. 

Now in close work with our elec- 
trical engineer on the problem of the 
permissible frequency of table opera- 
tion on a machine tool whose driving 
motor starts, stops, and reverses with 
the table, we were surprised to find 
him estimating motor heating with the 
same basic energy relationships. The 
energy lost in starting was equal to 
the final kinetic energy of the motor 
rotor and the connected members. 
One reversal was four times as bad 
from the point of view of heat as one 
start and one plugging to rest, stop 
was tliree times as bad as a start. This 
was talking our language and these 
were the basic relationships we had 
forced ourselves to recognize on screw 
machine spindles. 

No college courses ever showed us 
these simple relationships. As far as 
college was concerned electric motor 
design and machine design were taught 
in different languages. I think both 
courses should have been hammering 
away on kinetics and developing basic 
ideas. 

To encourage coordination of courses, 

I would go so far as to suggest that 
each Professor be asked to sit in as a 
student on at least one course a year 
just to let him see the similarities be- 
tween, the things he teaches and those 
being taught by others. Perhaps teach- 
ers would see why students spend so 
much time trying to make equations of 
inch-minutes and foot-seconds balance. 
Perhaps the machine design instructor 
could see a little closer relationship be- 
tween the theory of structures and 


some of the deflection problems in ma- 
chine design. Perhaps the mechanics 
Professor could make his own course 
more useful if he saw what a mechanics 
problem looked like when it gets all 
dressed up in the complexities of a 
civil engineering problem. It would do 
the electrical engineer much good to 
sit in on a physics course and learn 
that basic ideas got started long before 
the first patents were issued. And 
how we all would enjoy watching the 
physics professor trying to wring a few 
units with which he usually works, 
honest horsepower from the maze of 

This is probably make-believe, but 
I do wish that men w^ould begin to see 
the similarities between courses and 
become more aware of the funda- 
mentals which carry through all 
courses. Students need greater unity 
in their Engineering Education. 

When it comes to “sitting in'' I 
would like to venture one more sugges- 
tion, and that is — that Instructors and 
Junior Professors be encouraged to 
spend some part of their Summer in 
industry, and that this engineering 
work be given the same status as Sum- 
mer research or writing. I know there 
is a vast difference between practical 
problems and boow problems, and if 
you are to prepare men for industry, 
then you must know what is required 
and the best way to obtain this infor- 
mation is by practical experience. 

Sometime ago this difference in rela- 
tionship was brought out by an engi- 
neer in a simple illustration — of chang- 
ing an automobile tire in the garage to 
changing a tire on a narrow, highly- 
crowned, soft-shouldered road on a 
rainy night. None the less the experi- 
ence would be vivid and your teaching 
would be more interesting because of 
the experience. Someone aptly de- 
scribed a “minor operation” as “an 
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operation performed on somebody 
else.” So it is with classroom ex- 
amples. The fatigue break which you 
investigated can become a much more 
lively subject in class discussion than 
the impersonal textbook example and 
the beam of uniform strength you de- 
signed for a feeding finger can be a 
more convincing illustration of design 
analysis than the colorless skeletons 
usually cited in the handbook. 

In order to prove that the student is 
getting all these fundamentals that are 
necessary for correct machine design, 
as well as to get him into the habit of 
looking up factual matters, T would 
suggest that you put more of your 
effort to teaching logical thinking, ana- 
lytical methods of solution, and' critical 
selection of the results. My suggestion 
to attain this is to prepare practical 
individual questions or problems for 
each student to wo»*k out, which to my 
mind will cultivate more original think- 
ing and at the same time, prove 
whether or not your student has been 
well grounded in the fundamentals. I 
feel that this method will also prove 
your student’s creative ability, which is 
one of the factors most essential in ma- 
chine design. This I know I will take 
more time on the part of the Professor, 
in preparing his class work — it will also 
prove more laborious in correcting pa- 
])ers because of the fact that the stu- 
dent has more latitude in working out 
his problem, but I feel quite certain that 
this method will create more interest 
among your students outside of his 
classroom, as students will become in- 
terested in each other’s problems. I 
definitely, feel any student who is in- 
terested enough to take the machine 
design course must have a definite 
liking for this field and by giving them 
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individual practical problems, is certain 
to keep their interest alive. 

Breaking away from education but 
still thinking of unity and coordination, 
I have the opinion that one of the 
serious criticisms of our technical lit- 
erature today, especially of the papers 
published by our large engineering 
societies, is that they do not show inter- 
relationships. There is too much em- 
phasis on the aspect that — this is new — 
different — a startling departure — a 
revolutionary development. I think 
the emphasis should be in the other di- 
rection of establishing similarities and 
showing how fundamental concepts 
have been used. The maze of material 
being presented these days needs sim- 
plification. I know of no better way 
of getting it than by making authors 
more conscious of the unity that exists 
in engineering subjects. I do not ex- 
pect you to correct this bewildering 
condition for us and I have mentioned 
the problem solely to point out^ that 
we need more unity in our engineering 
thinking and that you can give students 
lasting help if you can give them a well 
coordinated or unified education. 

To conclude this talk, I need only 
to warn you that if you teach a boy 
the design of punch presses, we shall 
probably put him to work; on sewing 
machines. If you prepare him in in- 
ternal combustion engines, we shall 
most likely ask him to lay out a cen- 
trifugal pump; and if you teach him 
electric generators, there is a good 
change he will spend his days trying to 
determine which millionth of an inch 
a strain gage is indicating. You can 
help these boys most if you ground them 
in the fundamentals and give them a 
unified knowledge of engineering. 

If you work out such a program, let 
me know — I need the course myself. 
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Discussion on Mr. Graves^ Paper 


Prof. A. H. Burr, of Northwestern 
University: In design of a particular 
machine does not the student learn 
principles common to all machines ? 
Should specific design problems be car- 
ried out in classrooms? 

Mr. Graves: Yes. Fundamentals 
can be taught by means of interesting 
design projects. Probably simpler 
problems are better than long compli- 
cated ones to teach fundamentals 
effectively. 

Prof. E. N. Baldwin, of Penn. 
State: Can you give us other specific 
cases of student pitfalls in application 
of fundamentals? 

Mr. Graves: (Showed prints of 
gear problems, indexing mechanism, 
and bearing problems.) 

Prof. W. J. King, Cornell : Is em- 
phasis on appearance-design general in 
the machine tool field ? Are texts 
available ? 

Mr. Graves : Brown & Sharpe has 
a small group of industrial designers 
w^orking on appearance design of prod- 
ucts. I know of no particular texts 
and those in existence are too special- 
ized and individualistic in styling and 
often impractical. Functional require- 
ments are paramount to appearance. 

Prof. M. S. Gjesdahl, Penn. State: 
What proportion of time should be de- 
voted to drafting practice in engineer- 
ing curricula? 

Mr. Graves: Not too much time as 
we can give adequate training in draw- 
ing and do not keep engineers on draft- 
ing work for more than a short period. 

Prof. P. H. Hyland, Univ. of Wise. : 
What can schools do to overcome stu- 
dent dislike for drafting ? Do all com- 
panies move engineers through draft- 
ing rooms as fast as possible ? 


Mr. Graves: The companies of ni} 
acquaintance follow a policy similar to 
ours. Our engineering and drafting 
departments are separate and have no 
engineers on permanent drafting. 

: What do you do with 

\oung engineers who do not prove to 
have proper qualifications for advance- 
ment out of drafting? 

Mr. Graves: We come to a definite 
understanding wu’th such men and do 
not encourage them to remain with us 
if they cannot so advance? (We may 
move him into another division if he 
looks like good material, such as fac- 
tory or sales.) 

Prof. T. P. Colbert, of Bradley: 
Our schools have an industrial arts 
course. Should not such training be 
specifically an arts course and not pre- 
tend to be engineering ? 

Mr. Gr.vVfs: Yes, the arts and engi- 
neering should not be confused but 
common fundamentals in either case 
.should be stressed. The industrial de- 
signer needs to have an artistic view- 
point. 

Prof. Bradley: Should we train 
tool designers in special courses? 

Mr. Graves: No. My personal 
opinion is that no such special courses 
arc necessary. I would place a gradu- 
ate in tool engineering in the tooling 
department and his chances for ad- 
vancement as an engineer would be 
slight. 

Prof. H. K. Palmer, Univ. of 
Minn. : How far should we go in de- 
sign details? 

Mr. Graves : Stick to fundamentals. 

Prof. Palmer: Won't, lack of 
knowledge of details and detail draw- 
ings be a handicap to a4)oy? 

Mr. Graves: I do not expect him 
to be an expert on details, or drafting, 
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only to have a sound command of 
fundamentals of engineering. We can 
readily teach him detailing and system. 

Prof. Bradley : Kinematics instruc- 
tion on the inversion of mechanisms 
stimulates creative thinking. 

Mr. Graves: I do not think this 
method stimulates creative thinking any 
more than other methods, and unless 
it is handled correctly, may become 
involved. 

Prof. Caywood, of Univ. of Iowa: 
Would you apjjrove of any tool design 
course ? 

Mr. Graves: No. A knowledge of 
mechanics is sufficient. Our tool de- 


signers are usually taken from the 
drafting room force. If we require a 
graduate engineer in our Tool Design 
Force, we can teach him if he has engi- 
neering fundamentals. 

Prof. Baldwin, of Penn. State: 
Have you any. suggestions as to co- 
ordination of courses in materials 
properties? 

Mr. Gravfs : Each type of industry 
has its individual problems and metal 
specialists must handle this. Young 
engineers receive their training from 
these specialists, either direct or 
through their Chief Designer. 



Mathematics in Civil Engineering 

By JOHN M. HAYES 

District Bridffc Engineer, Little Rock, Ark. 


The writer has always been inter- 
ested in engineering education and was 
greatly attracted by two articles, which 
recently appeared in The Journal of 
Engineering Education — '‘M a t h e- 
niatics in Civil Engineering/* by Harold 
E. Wessman, January, 1947, Vol. 37, 
and ‘‘Teaching Mathematics to Engi- 
neers,*' by L. E. Grinter, March, 1947, 
Vol. 37. He thought that possibly 
comments upon this subject by a civil 
engineering practitioner would be of 
interest to engineering educators, for 
whom he has the greatest of respect 
and admiration. 

Mathematics is one of the most 
powerful tools that the engineer has at 
his disposal. It is fundamental in the 
development of the basic theory in any 
branch of engineering. It is incon- 
ceivable that any teacher of strictly en- 
gineering subjects should not realize 
the importance of a thorough grounding 
in pure mathematics, and with a fair 
degree of rigor too. Yet many do not 
seem to realize its importance. It is 
easier to understand why the average 
engineering practitioner belittles higher 
mathematics, and by higher mathemat- 
ics, is meant anything above simple alge- 
bra, simple trigonometry, and simple an- 
alytic geometry. Most engineering stu- 
dents have completed their formal study 
of mathematics by the end of their 
sophomore year and very little mathe- 


matics, other than simple algebra and 
trigonometry, is used in conjunction 
with their junior and senior engineer- 
ing studies. Possibly calculus is used 
to define the slope and deflection of a 
beam ; but, from the amount of calculus 
that is used, many engineering students 
often doubt the necessity of its study. 
Most civil engineering students are, 
therefore, not very conversant with 
calculus and the higher reaches of 
algebra and trigonometry by the time 
they graduate. Many of them have 
not had the importance of mathematics 
pointed out to them by their engineer- 
ing teachers. Then the positions that 
they hold for the first few years after 
graduation are usually of a routine na- 
ture and require only a knowledge of 
simple mathematical operations. At 
the end of this period these young en- 
gineers are beginning to become stran- 
gers with anything but these simple 
mathematical operations. By the time 
they are confronted with problems 
that could be solved more easily and 
quickly by the use of higher mathe- 
matics, they are indeed strangers with 
the subject. Instead of reviewing their 
mathematics, they belittle its impor- 
tance and look with scorn and amuse- 
ment upon anyone who is interested in 
the subject. It is surprising how many 
develop this viewpoint. They do not 
realize how much time can be saved 
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by the use of higher mathematics in 
the solution of many fairly common- 
place problems, and they are lost for 
an exact solution of the more intricate 
ones. They are scared at the sight of 
an integral sign that appears in the 
literature published in the proceedings 
of their engineering societies and are 
prone to say, ''who reads it anyway/' 
To this group is gone the opportunity to 
delve into the fundamental theories of 
their profession. How could anyone 
get into the interesting fields of the 
theory of elasticity, the theory of clastic 
stability, or higher hydraulic theory 
without a partial understanding and 
appreciation of higher mathematics? 

The problems encountered in the com- 
])Utation of quantities for engineering 
estimates arc usually solved by 'the use 
of simple mathematics, but the use 
of higher mathematics would often re- 
sult in a great saving of time. The 
series can be used to great advantage in 
the solution of many practical problems, 
but they are considered as higher math- 
ematics and the average engineering 
practitioner is again lost in the use of 
this most valued tool. For instance 
consider a problem involving a hori- 
zontal cylinder partially full of water, 
where it is desired to develop a general 
equation for the varying water pressure 
acting circumferentially around the ves- 
sel. The easiest way is by the use of a 
Fourier series, but again this is higher 
mathematics. 

What is the answer to this matter? 
With all of the talk about the broaden- 
ing of engineering curricula, it is not 
easy to say. It is thought that mathe- 
matics should be taught by professional 
mathematicians who, as Professor Grin- 
ter points out, should impress upon the 
student the fact that mathematics is 
“a useful tool, in fact the most power- 
ful of all scientific tools,” and "would 


never let the engineering student for- 
get that fact for a single moment.” 
Such a teacher would cite practical ap- 
plications whenever and as often as 
possible. He would gradually impress 
upon the student that he needs mathe- 
matics and that he can use it to his 
advantage. The writer agrees with 
Professor Wessman that each branch of 
mathematics should be taught as sepa- 
rate courses, as conventionally grouped, 
and not as scrambled unified courses. 
The engineering teachers should use 
mathematics in the development of the 
theories of their subjects and impress 
the student of its utilitarian value and 
the importance of its continuous re- 
view in order to keep a working knowl- 
edge of it at his finger tips. This is 
pointed out by Professor Wessman 
when he writes, "There is a value in 
overturning the mathematical tool kit 
occasionaly in order to get acquainted 
with the best tools for the various engi- 
neering problems which occur in prac- 
tice.” In passing it would be well to 
emphasize the obligation of the engi- 
neering teacher to frequently advise 
the student of the importance of con- 
tinuous and further study of his engi- 
neering subjects and to impress him 
with the fact that the "commencement” 
at the end of formal undergraduate 
training means only that the graduate 
has a few tools with which to further 
his study. In design courses more 
emphasis should be put upon the math- 
ematical development of the funda- 
mental theories and the background of 
specification requirements rather than 
blindly designing some typical struc- 
ture in accordance with the provisions 
of standard specifications. 

It would be highly desirable, and of 
benefit to many civil engineering stu- 
dents, if a year of higher mathematics 
could be included in the undergraduate 
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curriculum. However, the conventional 
amount of mathematics now included in 
the undergraduate engineering curricu- 
lum will undoubtedly stay about as it 
is for some time, with higher mathe- 
matics left for self-study or graduate 
work. Mathematics is one of the hard- 
est subjects for self-study that most 


engineers encounter, so the importance 
of formal study in this field cannot be 
over emphasized, at least, until the stu- 
dent is familiar with the elements of 
higher mathematics. It is hoped that 
the future civil engineer will be able 
to make more efficient use of his mathe- 
matical training. 



Comments on Army ROTC Programs 

By P. B. NARMORE 

Evrcutive Dean. Georgia School of Technology 


Down south in Georgia we have a 
saying, “Whenever two or more Pres- 
])yterians get together they pass the 
collection plate.” For many years a 
somewhat analogous saying is to the 
effect that everytime two or more edu- 
cators get together they discuss cur- 
ricular matters. Usually this discus- 
sion in the past has concerned itself 
with the amount of social studios in the 
engineering curriculum. Today we are 
extending the discussion to Naval and 
Military courses and their place in en- 
gineering education. A number of 
Army and Navy officers want this dis- 
cussion to continue and I am sure 
many engineering educators do, also. 
We realize the necessity and value of 
ROTC training on the college level, but 
we want it to keep pace with the chang- 
ing needs of both engineering education 
and military training. 

For many months our Federal Gov- 
ernment has been studying the need 
for Universal Military Training. I am 
of the opinion that more discussion will 
be necessary if this national training 
program is adopted. 

To understand some of the prob- 
lems in the ROTC program it is neces- 
sary to consider some statistics. The 
Army program plans for*training 210,- 
000 students each year in comparison 
to the 14,000 Navy students, or about 
fifteen times as many as the Navy will 
train. The Army has fifteen different 
types of units and curricula in the 


advanced ROTC program. The Navy 
has one main curriculum, differing only 
in the last three semesters in the cur- 
riculum for Marines. In checking the 
number of ROTC units, I find that the 
following numbers are either estab- 
lished in colleges now or will be by 
July 1, 1947. 


Engineers 35 

Field Artillery 32 

Army Security 2 

Quartermaster 23 

Transportation 14 

Armed Cavalry 11 

Seacoast Artillery 2 

Medical 23 

Infantry 103 

Signal Corps 37 

Ordnance 22 

Air Corps 77 

Chemical Corps 6 

Military Police 8 

Anti-Aircraft Artillery 18 


Some educators believe that these 
fifteen units with tlieir highly special- 
ized curricula arc too many, except 
possibly during time of war. Some 
schools have so many units now that 
they have difficulty furnishing space 
for equipment. The need for class- 
rooms is increased considerably by in- 
creasing the number of units at a 
school. Display space for equipment 
also is increased according to the num- 
ber of units. Certain specialized equip- 
ment is required for each unit whether 
it has 100 or 500 students. As an ex- 
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ample of the large number of units 
at individual colleges, I find 


Texas A & M 
Ohio State 
Univ. of Illinois 
Univ. of California 
Massachusetts Tech. 
Georgia Tech. 


has 12 units 
has 9 units 
has 8 units 
has 8 units 
has 7 units 
has 7 units 


Returning now to curricular matters, 
one question that has been discussed 
informally concerns the refusal of the 
Army and Navy to substitute college 
courses for similar ROTC courses even 
though the college courses are taught 
by men with better training for teaching 
the subject. As an example, many of 
our Georgia Tech boys study a course 
in psychology as well as a course in 
personnel management. These courses 
are taught by trained instructors most 
of whom have either their Ph.D. de- 
gree or have had professional work in 
the field. Even though the ROTC 
could select their officers, it is ex- 
pecting too much of such an instructor 
to compete with a professional psy- 
chology instructor. Still the ROTC 
requires nearly all of our students to 
take a course called ‘'Military Leader- 
ship, Psychology, and Personnel Man- 
agement.’' The scope of this course is 
as follows: Principles of psychology; 
psychology in battle; morale; personal 
attributes and professional qualifications 
of the leader; pride; rewards; punish- 
ments; etc. Practically all of these 
topics are covered in our college psy- 
chology course. 

Many college courses in electrical 
engineering, including electronics, could 
well be substituted for Signal Corps 
courses. Chemical engineering courses 
could substitute for Chemical Corps 
subjects; aeronautical engineering 
courses could substitute for Air Corps 
courses ; civil engineering courses could 
substitute for Engineering Corps 


courses. Accredited colleges should 
be permitted to substitute practical ex- 
perience and comparable college courses 
when approved by the PltfS & T just 
as any other department head may ac- 
cept courses for substitution. The 
policy of non-substitution continues on 
up into the ORC and I believe it to be 
unwise. 

Please pardon a personal experience 
which will explain my point. In my 
undergraduate ROTC I had been as- 
signed to the Signal Corps because my 
general engineering course consisted 
mainly of electrical and mechanical en- 
gineering. The fnajor subject for my 
masters degree was civil engineering. 
My doctorate was in engineering me- 
chanics with a research problem sup- 
ported by the Timken Roller Bearing 
Co. I later taught theoretical me- 
chanics and strength of materials for 
ten years. In the meantime I had lost 
all contact with anything connected 
with the Signal Corps. This theoretical 
and professional experience closely al- 
lied with ordnance was not considered 
sufficient to permit transfer from the 
Signal Corps to the Ordnance Corps. 
The Army insisted that it would be 
necessary to complete some twenty odd 
correspondence courses before trans- 
ferring. 

A subject of interest is found in the 
following table which gives a compari- 
son between professional courses in 
quarter hours as taught at Georgia Tech 
and the military requirement of 30-36 
credit hours. 


Dept. 

Total 

Soph 

Junior 

Senior 

A.E. 

46 


9 

37 

Chem. Ener. 

48 


13 

35 

C.E. 

58 

, 8 

17 

33 

E.E. 

62 

• 3 

28 

31 

M.E. 

53 

4 

21 

1 28 
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Is this large number of ROTC hours 
necessary when there is duplication 
especially when we consider the pro- 
fessional courses are a necessary prep- 
aration for earning a living? 

The requirements for a commission 
at Georgia Tech are considerably more 
than the average person realizes. Our 
students have military duties for 160 
hours each year or a total of 640 for 
four years. Allowing an additional 
hour for preparation, 1,280 hours are 
required for military. If we consider 
40 hours as a week^s work, then 32 
weeks are required. Adding six weeks 
for the ROTC camp, the total is 38 
weeks. If we had allowed two hours 
preparation for each of the 640 hours, 
we would account for an eqiliv^ent of 
52 weeks of work. 

The results of a .study as to how 35 
outstanding colleges allocate time for 
ROTC recitation and drill are given 
in the following table. 

Elementary Course 

3R 4 Colleges 
1R2D 4 Colleges 
2R1D 13 Colleges 
2R2D 3 Colleges 
3R1D 5 Colleges 
3R2D 4 Colleges 
2R3D 1 College 
3R3D 1 College 

Advanced Course 

3R 1 College (courses other than Arty.) 

3R2D 7 Colleges 

5R 4 Colleges 

4R1D 14 Colleges 

4R2D 3 Colleges 

5R1D 4 Colleges 

5R3D 1 (Military College) 

About 40 per cent of the*" colleges give 
more time in the elementary course 
than the minimum of three hours re- 
* quired by the Army. Less than 25 
per cent of the colleges give more time 
in the advanced course than the 5 
hours per week required by the Army. 


Another question sometimes dis- 
cussed : Is it necessary for men in the 
professional schools to spend so much 
time on the drill field ? Marching was 
important back in the days when the 
Infantry was supreme and when march- 
ing was the main mode of transporta- 
tion. That day has gone forever, un- 
der mobilized transportation needed for 
rapid troop movements of men. Still 
our boys drill two hours a week in the 
basic course and once or twice a week 
in the advanced course. Any '^poise” 
or “understanding of handling men” 
which may have been gained in the past 
is now largely supplied by required 
college courses in Public Speaking and 
Psychology. The only apparent value 
gained by drilling is that trainees may 
learn the need for coordination in 
group movements. This might be 
better supplied by war games. 

One item of concern to college ad- 
ministrators outside curricular consider- 
ations is the difference in the Army 
and Navy methods of accounting for 
equipment. This equipment is usually 
located in the same buildings with the 
officers and is used exclusively by them. 
The Navy consigns all of their govern- 
ment property, including uniforms, to 
the professor of Naval Science. The 
Army requires that the college appoint 
a military property custodian to re- 
ceive and account for all Army prop- 
erty sent to the college. This respon- 
sibility includes handling uniforms. 
Furthermore, a bond is required of 
the college to indemnify the Army 
against loss of any of its property. 
Since the PMS & T uses the equipment 
and prepares inventories for his own 
use, nearly all colleges appoint him as 
their property custodian. Nearly all 
colleges pay the ROTC staff well for 
this service which the Army should do 
themselves. The practice of making 
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schools responsible should be done only 
where they fail to provide reasonable 
property security. 

In conclusion, I am sure I voice the 
sentiment of all gathered here that 
colleges have a patriotic obligation to 
^vork continually for improvement in 
the ROTC programs. With this feeling 
I believe then, that we should discuss 
such points as : 

1. Is it necessary or desirable to have 
the large number of specialized 
corps, such as three types of ar- 
tillery, during peace time. 


2. The possibility of substituting col- 
lege courses for military courses 
on the same basis that other de- 
partments operate. • 

3. The necessity for the largy^umber 
of hours required in the military 
program as compared to the num- 
ber of hours in the professional 
courses. 

4. The advisability of reducing the 
number of hours spent on the drill 
field. 

5. The Army requirement that col- 
leges act as proi)erty custodians 
of military pniforms and equip- 
ment. 



The Humanistic-Social Studies in an Engineering 
Education: Some Basic Fallacies 


By MELVIN KRANZBERG 
Amherst College 


In an age of accelerated technological 
development it might be expected that 
attention would be paid only to educa- 
tion along technical lines and that stud- 
ies dealing with man's social relation- 
ships and cultural expression would be 
slighted. Instead we find that even 
in those institutions dedicated primarily 
to the production of engineering spe- 
cialists greater importance is being at- 
tached to the humanistic and social 
studies than ever before. The civic 
and professional responsibilities of the 
engineer are constantly stressed, and it 
has become a commonplace of com- 
mencement oratory to point out that 
the engineer is a citizen as well as a 
man trained to a high level of technical 
competence in a specialized field. The 
• role of the humanistic-social studies is 
emphasized as giving the student that 
broad and liberal viewpoint, embodying 
some measure of social consciousness, 
which will encourage him to perform 
his duty to the community in all 
spheres of activity rather than only in 
the narrow one wherein his engineering 
ability is applied. 

This realization of the part which the 
engineer must play in the modern world 
^is, fortunately, not confined only to the 
speakers on the commencement plat- 
form. The engineering schools them- 
selves have become increasingly con- 


scious of this fact; their attempt to 
make it one of their primary objec- 
tives — in addition to the giving of an 
engineering education in the limited 
sense — is responsible for the enlarged 
interest in the humanistic-social studies 
manifested by the changes in curricula 
and by the large number of articles in 
the Journal of Engineering Educa- 
tion dealing with that subject. 

Despite the almost complete unanim- 
ity on the aim of converting the engi- 
neer into a well-rounded man rather 
than a narrow specialist and the need 
for the humanistic-social studies to 
achieve that end,^ there exists no gen- 
eral agreement as to how these studies 
are to be employed to achieve the de- 
sired result. Some educators would 
teach non-technical subjects as they are 
taught in liberal arts colleges, maintain- 
ing that these essentials could be 
learned only if they are taught in their 
pristine purity, unsullied by any con- 
cessions to the special needs of an engi- 
neering student.^ Others would make 

^ There are exceptions to this “unanimity.” 
Cf. S. F. Borg, “Humanistic-Social Studies 
in Engineering — Another Viewpoint,” Jour- 
nal of Engineering Education, Vol. 36, 
March, 1946, pp. 424-425. 

* Alfred C. Ames, “Should Humanistic- 
Social Study Be Made Engineering Educa- 
tion?" Journal of Engineering Education, 
Vol. 36, May, 1946, pp. 543-546. 
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tlie humanistic-social studies an inte- 
gral part of the engineering curriculum 
by using engineering knowledge, tools, 
and ways of thought in those courses. 
In other words, they would use the 
non-technical fields of study to empha- 
size the attitudes and methods of 
thought which are a prerequisite for 
the strictly technical courses, while at 
the same time devoting them to subject 
matter of intrinsic value to engineers.® 

It is unfortunate that, while decrying 
the specialization and compartmentali- 
zation of knowledge, these experts, hy 
their emphasis either on keeping the 
humanistic-social studies separate from 
an engineering education or by inter- 
twining them with such an education, 
have in most cases based their argu- 
ments on fallacious assumptions which 
presuppose the continued fragmenta- 
tion of the fields of human endeavor. 
Even those specialists who realize that 
the humanistic-social studies, aside 
from the knowledge which they can 
impart concerning the world in which 
we live, can be used to inculcate the 
inductive approach and methods in 
solving problems which are employed 
in the engineering field, still relapse 
into the same errors against which they 
inveigh. They make a distinction be- 
tween mathematical and “non-mathe- 
matical thinking” at the very moment 
they are trying to show that the 
humanistic-social studies can be used 
to reenforce and reproduce scientific 
thought.* 

The fact is that our faculties of hu- 
manities and social sciences, as well 

® Elliott Dunlap Smith, “Can Humanistic- 
Social Study Be Made Engineering Educa- 
tion?” Journal of Engineering Education, 
Vol. 36, October, 1945, pp. 134-138. 

♦ B. R. Teare, Jr., “Planning the Pro- 
fessional Aspect of the Humanistic-Social 
Courses,” Journal of Engineering Education, 
Vol. 37, December, 1946, pp. 344-352. 


as our technical professors, have al- 
lowed themselves to be “side-tracked”’ 
in their thinking on the question of the 
places of the humanistic-social studies 
in the engineering curriculum by pre- 
serving tw^o concepts which have been 
outmoded for some time but which still 
maintain their hold on the popular 
mind and, evidently, on the minds of 
those who are attempting to integrate 
the sciences and liberal arts. These 
two traditional yet misleading concepts 
are those of the “scientific method” and 
the “scientific mind.” ^ 

The engineer^ the “applied” scien- 
tists, along with their blood-brothers, 
the “pure” scientists, have proudly 
claimed to be the sole possessors of a 
method which alone can perceive and 
pursue the truth, the so-called “scien- 
tific method.” On the basis of this 
claim, our entire educational system, 
not only in engineering schools, has 
been broken up into segments based 
upon whether or not a certain method 
is supposedly applicable to a field of 
study. Furthermore, the non-scientific 
groups have been so intimidated by the 
engineer’s mystical assumption of sole 
title to a method for the solution of 
problems that they have hesitated to 
employ the methods of the scientist. 
If the expert in the social studies ven-^ 
hires to use the techniques of the scien- 
tist, he apologizes for his seeming en- 
croachment upon the sacred preserves 
of science. Quite unjustifiably he re- 
gards himself as an interloper or 
trespasser. 

Actually, the so-called “scientific 
method” involves nothing more than 
the observation and collection of data, 
and its integration and interpretation 
on the basis of the perceived facts^r, 
There is no reason* why this method 
and its basic attitude of detachment and 
objectivity should be considered the 
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exclusive property of the sciences. 
' Other fields of knowledge can and have 
employed these methods and attitudes, 
as contributors to the Journal of En- 
gineering Education have pointed 
out in the past.® True, in the matter 
of human relations, the observation and 
collection of the data is made more 
difficult because of the lack of e.\act 
knowledge in some cases, the imprac- 
ticability of precise measurements of 
social phenomena, and also because of 
the impossibility of repeating experi- 
ments insofar as historical events are 
concerned. But the fundamentals of 
the “scientific method** and attitude are 
applicable to all fields of human en- 
deavor as well as to those which deal 
with the physical aspects of matter. 

The concept of the “scientific mind** 
is another fallacy which has hampered 
the integration of the humanistic-social 
studies into the engineering curricu- 
lum. The implication of this concept 
is that engineers are people apart, pos- 
sessing certain mental qualifications 
enabling them to deal with esoteric 
problems regarding the nature of the 
physical universe, but leaving them 
totally unqualified to deal with matters 
of an esthetic or social nature. Like all 
good geometrical theorems, this propo- 
^ sition has a converse, namely, that 
there are certain other people who do 
not possess a “scientific mind** and 
hence are incapable of understanding 
the problems and work of the engineers. 
The results of this distinction between 
the scientists and non-scientists can be 
seen in our entire American educa- 
tional system, but nowhere are they 
more apparent than in the engineering 
schools, wherein this difference is em- 
ployed to explain the shortcomings of 
both faculty and students. Thus tlje 
possession or lack of the ‘'scientific 

Ames, loc. ciU 
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mind” is advanced to explain the fail- 
ure of the student who excels in phys- 
ics to be able to write a simple English 
sentence properly, while the students 
assume — as do some of their colleagues 
— that the professors of literature are 
unable to add the balance in their 
checkbooks correctly. 

This idea of the “scientific mind** is 
l)a.sed on the false psychological as- 
sumption that there are various facul- 
ties existing in the mind which enable 
some people to do problems of a mathe- 
matical or scientific nature without dif- 
ficulty, while others who have special- 
ized in other fields are unable to add 
two and two. Not only have psycholo- 
gists been unable to discover any sepa- 
rate portion of the brain devoted exclu- 
sively to items of a scientific nature, 
but it is questionable whether there are 
any differences in the mental processes 
involved in the solution of a physical 
equation or a problem of contemporary 
social relations. 

In all cases, whether dealing with 
physical or social phenomena, our 
ininds work with symbols to make 
known our ideas. In the case of the 
mathematician the symbols are num- 
bers ; with the physicist they are num- 
bers and Greek letters which have been 
assigned an arbitrary value or mean- 
ing; with the chemist they are literal 
and numerical symbols ; in the hu- 
manities and social studies, the symbols 
are words. In each case, the symbols 
are used to express ideas. Unfortu- 
nately, in the humanistic-social studies 
we are forced to use symbols which 
are used in everyday life and which 
have received no artificially designated 
value upon which there is complete 
agreement, such as, for example, the 
value of Pi to the mathematician. But 
that does not mean that the mental 
processes involved in expressing ideas 
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through symbolic terms are any dif- 
ferent for the physicist than for the 
student of the humanistic-social stud- 
ies. Yet the engineering student often 
claims that he is unable to express a 
clear idea upon politics because of this 
supposedly inherent psychological dis- 
tinction, even though we now know 
that a high level of general intelligence 
is usually a prerequisite for excellence 
in any branch of knowledge and that 
any special attitudes which one might 
possess in certain areas of mental en- 
deavor would be attributable to environ- 
mental or social factors rather than 
inborn psychological characteristics. 

If the false distinctions between those 
possessed of the “scientific method"' 
and the “scientific mind’" and those 
who lack these essentials are obliterated 
from our thinking about engineering 
education, we may begin to reconsider 
the whole problem of the place of the 
humanistic-social studies in the curricu- 
lum. When we have purged our minds 
of these traditional yet fallacious as- 
sumptions we may proceed to re- 


examine the philosophical bases of our 
educational thought in the light of the 
unity of all fields of knowledge. 

Attempts have already bfeen made in 
that direction, to one of which has been 
applied the name “Scientific Human- 
ism,’" ^ implying that there are no basic 
differences in the aims of the scientific 
and humanistic aspects of an engineer- 
ing education. With the realization 
that the ends to be attained are the 
same for both elements of the curricu- 
lum, it should be possible to achieve 
an integration of the humanistic-social 
studies with the ’technical aspects of 
the engineering course that will satisfy 
the need for the production of an in- 
telligent citizen without at the same 
lime sacrificing the technical compe- 
tence necessary for the engineer to per- 
form his special work usefully to 
society. 

8 Edwin S. Burdcll, “The Philosophy of 
Humanistic-Social Studies in Engineering 
Education, “ Journal of Engineering Educa- 
tion, Vol. 37, April, 1947, pp. 593-600. 



Engineering Applications of Newton’s Method 
of Approximation 

By ROBKRT W. RICHARDS 

Structural Analytical Engineer, 

The Budd Co., Philadelphia, Pa. 


In computing deflections in dia- 
phragms under various loading condi- 
tions, it is necessary to solve equations 
of the third degree. Solution by trial 
and error or by Cardan’s Method of 
Substitution is so laborious and time- 
consuming that it is not convenient in 
cases where large numbers of equa- 
tions must be solved, A more satis- 
factory procedure is to use Newton’s 
Method of Approximation which in 
theory has been known for centuries 
but which in practice has been too 
often neglected. Newton’s method 
provides a simple, rapid means for 
solving general equations of the «th 
degree with sufficient accuracy for the 
most exacting engineering analysis. 


root which may be determined to 
any degree of accuracy by Newton’s 
method. Because of the conditions 
which are requisite for the application 
of Newton’s method, J{x) must plot 
like the curves shown in Fig. 1 or 2 
or like those symmetrical with them 
about the Ox axis. 

Referring to Figs. 1 and 2, the equa- 
tion of tangent at A is 

=/' (a ) or y -/(a) =/' {a)(x-a). 
a\ may be found by setting y = 0; 

f(a) 

x-ai-a 



In mathematical terminology, New- 
ton’s method may be tersely stated. 
If /(^)=0 within the limits b and c 
jSuch that f(b) and f(c) have opix>site 
signs, and if between b and c^f lx) and 
f'{x) are continuous and 9 ^ 0 , then 
between b and c, f(x) has but one real 


Then using ai as we have just used 
a, we get a closer approximation az 
so that 

As n increases, an approaches 0. 
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The utility and versatility of New- 
ton’s Method can best be illustrated 
by a few practical applications. 

In calculating^ diaphragm stresses, 
i.e., tensile stresses resulting from 
flexure and direct tension (which 
occur when the deflection of a thin 
plate exceeds about one half its thick- 
ness), it is necessary first to determine 
the deflection y. For the particular 
case of a circular plate uniformly 
loaded with edges simply supported, 
y must be obtained from the following 
expression : 


wq!^ 

eF 


64 (y\ 

63(1 


+0.376 



where = Uniform load in pounds per 
square inch, 
a = Radius of plate, 

/ = Thickness of plate, 

£ = Modulus of elasticity in 
pounds per square inch, 
v = Poisson's ratio, 
y = Maximum deflection. 


If w, a, £, /, and v are known, this 
equation can be reduced to the form 

my^+ny+k = 0. 

Consider the following specific equa- 
tion: 

f(y) = 13.56y3+o.643y -.0115 = 0 . 
Then 

/'(y) =40.68^+0.643. 


As a first approximation of root, let 
y = .05; 

.*. /(y) =.1694X10-2+3.245X10-2 

-5.82X10-2, 

/(y) = -.0244, 

/'(y) =.1017+0.643 = 0.745. 


A closer value of the root is yi: 
f(y) .0244 

.05+.0314: 

3/1 = . 0814. 

\pplying Newton’s Method again 
to obtain a more accurate value of the 
root y 2 , 


/(y,) =.732X10-2+5.23X10-2 

-5.82X10-2, 

/(yi)=.0014, 

/'(yi) = .269 + .643 = .912, 


y2 = yi- 


/(yi) 

f(yir 


y2 = 


.0814- 


.0014 

.912 


.0799. 


This value of the root, obtained 
from only two applications of New- 
ton's method, satisfies the original 
equation to three significant figures. 

Once the deflection of the thin plate 
has been computed, the diaphragm ^ 
stress may be readily obtained from a 
quadratic equation. 

Newton's method may also be used 
to advantage in determining the thick- 
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ness of a hollow rectangular beam with 
♦ given outside dimensions to satisfy 
a required moment of inertia. 

For the section shown, the moment 
of inertia about the x—x axis may be 
stated as a function of the wall thick- 
ness /, neglecting the corners. 

/=- 2.33/^ + 20.25/*- 72.4/2 

+ 60. 74/ = 3.9, 

where 3.9 is the required value of /; 


As a first approximation, try a, 

f(a)=a^-p, 

/'(a) 


Then ai, an improved value of the 
root, will equal 


a — 


ai=a—- 


f(a) 

'nay 

tuV' ’ 


f{t) = -2.33/‘+ 20.25/’ -72.4/2 

+ 60. 74/- 3 9 

' and 

/'(/) = -9.32/2+60.75/2-144.8/ 

+60.74. 

Try 0.1 as a first approximation of 
the root; 


/(.I) = - .000233 + .02025 -.724 

+6.074-3.9; 
• •• /(.I) = 1.47, 

/'(.1) = -.00932+.6075-14.48 

+60.74, 

/'(.I) =46.86; 

■ '.- 1 -^- 1 - 0312 . . 07 , 


Applying Newton’s method again, 
/(.07) = +.007 - .355 +4.252 - 3.9 ; 

.-. /(.07) = .004, 

/'(.07) = +.298-10.136+60.74, 
/'(.07) =50.90; 


/ / n7 n7nn 


Another convenient application of 
this method is to be founc^ in calculat- 
ing the wth root of an irrational num- 
ber with the aid of a computing 
machine. To find the wth root of p, 
'we must solve 


Then 


/(3C)«X** — /) = 0. 

f'(x) 





where a = An approximate root, 

ai = An improved value of root, 
/) = Any irrational number, 

/? = Required root. 


For example, to find the cube root 
of 10, try 2.15 as a first approxima- 
tion. This value was obtained from 
a slide rule which can be used to 
advantage in estimating square and 
rube roots. However, a less accurate 
value of the root could have been 
selected. 

Therefore 


P = 10, 

» = 3, 

0 = 2.15, 

ax=|^(»-l)a+^], 

ai=jj^2X2.15+2;j^j, 

®’“30’^®'^4.622s)’ 
Oi=|(4.30+ 2.163'33) =|(6.46333), 
ai=2.1544. 



234 


NEWTON’S METHOD OF APPROXIMATION 


Checking 

ai® = 2. 1544» = 9.9995. 

Thus with only one application of 
Newton’s method, an accurate root 
was found. This method is practical 
when a computing machine is avail- 
able to check solutions by logarithms 
or to give greater accuracy than the 
number of places in the tabulated logs. 


Other functions such as those in- 
volving c* can be readily solved by 
Newton’s Method of Approximation. 
However, enough examples have been 
given to show the 20th century use- 
fulness of this 17th century discovery. 

References 
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Panel Discussion on Laboratory for Mechanical 
Engineers, Advanced Mechanical 
Engineering Laboratories 

By JAMES J RYAN 
University of Minnesota 


Introduction 

Laboratories for engineering stu- 
dents include studies of tests of ma- 
terials, usage of chemical equipment, 
studies of fundamental principles in 
physics, and the functions and opera- 
tions of machinery such as steam, in- 
ternal combustion, refrigeration and 
other types of engines and shop ma- 
chinery and machining techniques. In 
the Junior Mechanical Eaigineering 
Laboratories, various fundamental tests 
include measurements of oils, operation 
of engines, fundamental applications of 
control equipment and operation and 
study of basic machines utilized in 
steam, water and gas power produc- 
tion. 

It has occurred to me that many of 
the basic principles involved in this 
earlier study of unrelated character- 
istics may be combined in more ad- 
vanced laboratories in such a way that 
these principles may be subconsciously 
reviewed and more thoroughly under- 
stood. The application to unique 
combinations of equipment and their 
functions gives a meaning to the funda- 
mental principles as determined by the 
projection of the individual into the 
development of the more advanced 
tests. An advanced laboratory of this 
nature would not only include earlier 
laboratory functions but would also re- 


view basic mechanics, physics, and 
many of the principles taught in the 
earlier courses where there has been 
less direct correlation with their appli- 
cation. An attempt to include gener- 
ally the review and reevaluation of 
basic courses has been invoked in the 
development of the Machine Design 
f^aboratory at the University of Min- 
nesota, which may be used here as an 
example. In this laboratory specific 
fields of advanced machine design 
analysis of a complex nature have been 
set up to develop and accentuate abil- 
ity of the student to utilize previous 
training in classroom or laboratory 
form in the solution and determination 
of factors which result in the more 
complex utilization of equipment. In 
the following discussion : ( 1 ) various 
types of laboratory problems will be 
briefly presented, leading to the cor- 
relation and advancement of previously 
obtained knowledge, and (2) general 
comments will be made with respect 
to this approach to engineering train- 
ing. 

1. Types of Advanced Larora- 
TORY Problems 

A, Theory of Lubrication 

The study of lubrication is 
sufficiently broad to warrant con- 
sideration by all Mechanical En- 



236 


LABORATORY FOR MECHANICAL ENGINEERS 


gineering students. The hydrody- 
namic theory of lubrication is 
considered in the design of bear- 
ings and is given thought in the 
operation of all moving equipment 
in the various laboratories. Such 
a study involves the review of 
advanced mathematics, dynamics, 
hydrodynamics, and physics of 
fluids, applications of the study of 
the characteristics of lubricants, 
and the general design problems 
encountered in the oi)eration of 
journals and bearings. 

In the laboratories, a large 
shaft loaded with partial bearings 
on the top and bottom allows a 
brief study of the characteristics 
of speed, pressure, temperature, 
viscosity, clearances, power re- 
quirements, surface conditions, 
materials of shaft and bearing, 
methods of measuring tempera- 
tures, quantities of flow of lubri- 
cant and any other factors to be 
considered in the application of 
the hydrodynamic theory of lubri- 
cation. 

Theory of Vibration. 

A study of vil-)ration character- 
istics opens a very broad field for 
fundamental analysis. Vibration 
in machines may be eliminated by 
proper design, by balancing pro- 
cedures, by analysis with instru- 
ments, and by modification of the 
elements after construction. Con- 
ditions of vibration may be stud- 
ied by the use of models, by tests 
with balancing machines, by a 
study of machine functions through 
analysis of noise with respect to 
frequencies and amplitudes, and 
by use of vibration instruments of 
recording and indicating t3q)es. 

Familiarity of a student with 
this equipment and a study of the 


characteristics exhibited by these 
machines and instruments require 
a review of mathematical equa- 
tions, theories of statics and dy- 
namics, application of balancing 
weights, measurement of stresses, 
frequencies and amplitudes, and 
bring the student into contact with 
the practical aspects of the experi- 
ences he may entertain in the field 
of engineering, either by direct 
contact or association. 

C Theory of Photoelasticity 

The study^of stress analysis by 
photoelasticity makes possible a 
physical picture of the internal 
mechanism of stresses and an op- 
portunity to view and understand 
the stress phenomena which he 
has previously observed in text- 
book, lecture, and laboratory form. 
The photoelastic polariscope breaks 
up polarized light into two com- 
ponents which are changed in ve- 
locity by stresses in such a way 
that interference bands indicate 
stress distribution in doubly-re- 
fracting materials. Thus, an ap- 
plication of the theory of optics is 
given, the effects of wave lengths 
with respect to color in light, the 
opportunity for developing labora- 
tory technique of the operator, the 
necessity for perfect alignment of 
the lenses and prisms, the use of 
filters, and various light sources, 
the study of complex stresses and 
their analysis by mathematical 
equations and the final presenta- 
tion in the form of an individual 
report, including an analysis of 
data, graphs, and conlusions ob- 
tained presents a very broad ap- 
plication of much of the required 
knowledge with many application 
procedures on the part of the stu- 
dent. 
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II. General Comments on 

Laboratory Problems 

A, Equipment 

The type of equipment for Ad- 
vanced Engineering Laboratory 
suggested here is preferably not a 
finished machine with commercial 
controls and completely enclosed 
elements. It is funadmental in 
nature, basic in construction, and 
modified for ease of attachment of 
measuring instruments, and indi- 
cating devices. This equipment is 
not established for any particular 
course or research problem, but 
should harbor a number of funda- 
mental elements which may be 
rapidly visualized and understood 
In the preceding part, the discus- 
sion of lubrication, vibration, and 
photoelasticity equipment includes 
part of a set of laboratory experi- 
ments which consume approxi- 
mately ten hours of lecture and 
thirty hours of laboratory. In a 
similar manner, it is suggested 
that broad fields in the division of 
Mechanical Engineering may be 
considered which are capable of 
sufficiently complex analysis to 
warrant advanced study of funda- 
mental elements. 

B. Test and Calculations 

The student participation in the 
use of this equipment involves a 
study of the functions and a setup 
of necessary tools and instruments 
to obtain the analysis he desires. 
Some improvising should be neces- 
sary in the assembling of the 
equipment and a choice of meth- 
ods of operation and test should 
be obvious. Some students may 
wish to make a more complex 
system; others may be content to 


do the minimum work necessary. 
As the tests proceed, they should 
be of such a nature that check 
calculations can be prepared and 
it is desirable that the final results 
may be checked against theoretical 
calculations. It should l)e possible 
to complete work on an individual 
set of problems during the labora- 
tory period. Aids such as setting 
up data sheets and indicating the 
specific information needed will 
enable the student to understand 
more quickly the outline of the 
project and guide him in obtaining 
the necessary data. Sketches and 
calculation sheets are required and 
the specific data and the answers 
are to be shown on the data sheet. 
Percentages of error in the final 
lesults and the reasons thereof 
may be requested of a student. 

C . Student Response 

It is believed that the more ad- 
vanced projects which tax the 
student's ability to think and act 
are preferred in this type of lab- 
oratory. In this manner, his in- 
terest is very intense throughout 
the entire project. If his initiative 
and understanding indicate that 
additional steps and calculations 
will obtain a greater amount of 
knowledge from the experiment, 
a student will strive for this result. 
In the assembly and set-up of the 
equipment and test instruments, 
the student becomes familiar with 
the use of wrenches, screw-driv- 
ers, standard connections and 
other equipment, and participates 
in the actual operation and test 
of the equipment. He has a better 
understanding of laboratory tech- 
niques, and although his skill is 
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not greatly increased, he develops 
an evaluation of information ob- 
tained by tests, the activities and 
procedures necessary to operate 
tests, and considerable responsi- 
bility in the performance of tests. 

Conclusions 

What may lie the central theme of 
this discussion is the fact that all Me- 
chanical Engineering students should 
be allowed to participate in advanced 
laboratories with sufficient complexity 
and personal responsibility as part of 
their student training. It is particu- 
larly important that students be allowed 


the opportunity of having experience, 
under controlled direction, wherein 
they are required to think and act 
with independence and, assurance. 
Incidentally, they learn what a sine 
curve is as applied to the machine and 
the physical application of the log- 
arithmic damping function. 

Thus, the Advanced Engineering 
Laboratory in Mechanical Engineering 
should be one in which the student has 
considerable freedom to understand 
and evaluate a great number of the 
fundamental ideas which have been 
supplied to him during his course work 
in engineering. 



Training for Research* 


By ERIC A WALKER 
The Pennsyhama State CoUcqe 


The most obvious reasons for train- 
ing engineers for positions in research 
are that there is an acute demand for 
engineers and scientists with such train- 
ing and that a good fraction of our 
better students wish to acquire such 
training while still in school. This is 
not new, and there has been a growing 
trend in this direction for years. A re- 
cent study ^ shows that about 6 per 
cent of the electrical engineers who are 
from fifteen to twenty years out of 
college are now engaged in research. 
This is not a large percentage of the 
whole. However, one out of five elec- 
trical engineers in the same age group 
is engaged in administrative activities. 
Undoubtedly some of these men gradu- 
ated to such positions from careers in 
research and development. There are 
many other engineers who are classi- 
fied as development engineers who 
might well be called research engineers. 
The same study shows that about 9 
per cent of the same age group can be 
placed in this classification. 

The trend toward research and de- 
velopment is growing, and it might be 
safe to estimate that one out of five of 

* Presented at the Educational Methods 
Section, A.S.E.E., Minneapolis, June 18-21, 
1947. 

^ “Employment Histories of Engineering 
Graduates, “ E. D. Howe, Journal of Engi- 
neering Education, Vol. 37, No. 7, p. 513. 

Re-examination of the Compton Re- 
port,” H. H. Armsby, Journal of Engineer-- 
ing Education, Vol. 37, No. 9, p. 675. 


our electrical engineering graduates be- 
comes a research engineer or scientist 
for part of his useful life. The line of 
demarcation is not a hard-and-fast one. 
Many development engineers and de- 
sign engineers spend an appreciable 
fraction of their time on research. 
Every such engineer has found that 
when he starts to pioneer or even to 
create a design a little out of the ordi- 
nary, he is confronted with a lack of 
fundamental knowledge which must be 
obtained before the design can continue 
in an orderly and logical manner. He 
therefore has to stop his design engi- 
neering and indulge in a little applied 
research and thus, for the time being 
at least, he becomes a research engineer. 
Actually, the number of engineers who 
today are going into research is much 
greater than it has been in the past. 
Consider Table I, which gives some 
study of the growth of the number of 
research institutions, the number of re- 
search scientists, and the amount of 
money spent on research. In this table 
the national income is given as a base- 
line against which the dollar value of 
research should be measured. It is 
probably true that the money spent on 
research reached a peak during the war 
years. This situation was forced by the 
rapid development of government agen- 
cies interested in research, such as the 
Office of Scientific Research and De- 
velopment, the National Defense Re- 
search Committee, etc. 
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TABLE I 


Year 

Number of Industrial 
Research Laboratories 

National 
Income % 

Funds for Industrial 
Research $ 

Funds for Government 
Research $ 

1920 

300 

74.10* 

29.10® 

M5.10® 

1930 


77.10* 

116.10® 


1940 

2200 

77.10* 

234.10® 


1944 


160.10* 

300.10®(?) 

719.10® 


Undoubtedly we are now in a period 
when many of the research scientists 
are returning to their pre-war jobs in 
teaching, production, and even in fun- 
damental scientific work. There will 
be another reduction in the number of 
research engineers when the country’s 
economic system falters once again and 
we have an economic depression 
Nevertheless, the relative growth of 
research is permanent. No longer is 
research confined to the few large com- 
panies which can afford such a luxury, 
but research has become a necessity for 
the smaller companies which wish to 
insure their economic survival. It is 
true that research is not understood by 
many of those who feel it is a necessity, 
but it has become as necessary as in- 
surance, and company A must have 
some research if only because its com- 
petitors have it and its competitors 
seem to do all right. 

Since it is an established fact that 
the number of scientists engaged in 
research is rapidly growing, one might 
examine the engineer’s place in this 
growth to determine if an engineering 
training is satisfactory for a career in 
research. There is considerable evi- 
dence that such training is not as good 
as it should be. This quality is not 
easy to measure, but some arbitrary 
yardsticks can be chosen. For instance, 
one might make a count of a number of 
scientists engaged in research and de- 
velopment and then determine what per- 
centage was trained as engineers. As 


an example, if one lists the men who 
are prominent in the National Defense 
Research Council and defines prominent 
by saying they were listed as members 
of the division committees, one finds 
in a group of eighty-six such men 
thirty-six physicists and only seven- 
teen engineers. Of this latter number, 
nine were electrical engineers, and the 
remainder were scattered among other 
branches. 

Another measure might be the num- 
ber of scientists employed by the di- 
rectors of war research laboratories. 
Again it can be shown that a much 
larger percentage of these are physi- 
cists than engineers. One laboratory 
in particular hired five men trained as 
physicists for every one trained as an 
engineer.® As a matter of fact, at 
least one scientist went on record as 
saying that he favored the hiring of 
physicists because ‘‘the physicists 
showed more imagination.” 

Whether or not this rather offhand 
analysis is defensible is beside the point, 
but many laboratory administrators will 
admit that the physicists not only 
showed more imagination but had a 
wider knowledge. They knew more 
ways of filling a given need than did 
the engineers, and their analytical abil- 
ity in many cases was quite superior. 
Lastly, because they had never learned 
any design formulas or knew anything 

®*'Roster of All Employees, Underwater 
Sound Laboratory, Harvard University, 
1941-1946.” 
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of the traditions behind standard de- 
signs, they were less inhibited and, al- 
though their mistakes were many, their 
successes were many and startling. 
1'hese are facts, and using them as a 
basis, we might re-examine the quali- 
fications of a good research scientist 
and see if qur engineers can fill the 
specifications. If they do not, we might 
see how we can modify our training so 
that they do. 

Some of the requirements for a re- 
search scientist are quite easy to list, 
although one might have difficulty in 
arranging them in order of their im- 
portance. 

First, a scientist must have an ana- 
lytical and inquiring mind. He must 
want to know what makes things tick 
and must want to understand tjie fun- 
damental laws governing the action of 
any system or physical ])henomenon. 

Second, he must have con.siderablc 
facility with mathematical principles and 
reasoning. He should want to explain 
the physical laws in terms of simple 
mathematical symbols which clearly and 
concisely contain all the facts necessary 
to predict the behavior of a system un- 
der different circumstances. 

Third, he must be familiar with the 
ordinary physical concepts and the rea- 
soning behind them. For instance, 
there should be no ambiguity in the sci- 
entist's mind when one tries to discuss 
with him an electric field consisting of 
flux lines and equipotentials. He 
should be able to visualize the mechani- 
cal considerations which govern the pe- 
riod of vibration of an oscillating sys- 
tem and should clearly understand those 
properties which can change the vibra- 
tion characteristics. 

Fourth, he must be familiar with the 
experimental method. This means he 
should have a certain amount of manual 
dexterity so he can set up apparatus 


with which to make fundamental meas- 
urements ; but more important than 
merely making the measurements, he 
must be capable of posing the crucial 
question. By this we mean he must be 
able to state his theory so that it can be 
tested and proved valid by a set of 
physical measurements. 

Fifth, it goes almost without .saying 
that a scientist must have the intellec- 
tual integrity to lean completely and im- 
partially on the data. He must not al- 
low himself, by wishful thinking, to in- 
terpret the data in any dubious manner 
and thus lead himself astray and prove 
correct theories which are dubious or 
definitely false."* 

Lastly in this brief analysis, the sci- 
entist must have the ability to express 
himself. There are three ways of doing 
this : by graphs and drawings, by math- 
ematical symbols, and by expository 
writing. Obviously, it is of little avail 
for a scientist to arrive at a new theory 
if he cannot explain it to his colleagues 
and to the development and design en- 
gineers who must ultimately translate 
the theory into mechanisms for the pub- 
lic good. 

In summary, then, the scientist or 
research engineer must have an inquir- 
ing mind ; must be capable of handling 
mathematical and physical concepts ; 
must be familiar with the experimental 
method; and must be capable of ex- 
pressing himself. 

If our regular four-year college 
course is not properly training engi- 
neers to become research scientists, we 

* In an excellent paper entitled “Selection 
and Training of Students for Industrial Re- 
search/' Dr. A. W. Hull lists the following 
characteristics: (1) character, (2) aptitude, 
(3) attitude, (4) knowledge. Of these Dr. 
Hull contends that character is the most im- 
portant, and under character he lists positive 
honesty as absolutely essential. Cf. A. W. 
Hull, Science, Vol. 101, No. 2616, p. 157. 
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should try to ascertain the reasons and 
make the proper corrections. The first 
impulse is to attack the curriculum 
and to suggest the addition of new and 
different courses. Nfany will say the 
curriculum itself should be extended to 
five, six, or even seven years. How- 
ever, leaving this argument aside, we 
might examine the matter to see if 
things can be improved without ex- 
tending the allotted time. 

First of all, do we know if our selec- 
tion of students as embryo engineers or 
research scientists is good ? Obviously, 
this must have something to do with 
the matter, for when a student comes 
to us, he has had eighteen years of 
training and has certain traits and ca- 
pacities which he has inherited. Some 
measure of his ability to become a re- 
searcher should be found. This is 
doubly difficult, since although we are 
able to enumerate, in qualitative man- 
ner, those qualities which are sought in 
a scientist, we are not certain that these 
are the qualities which make a scientist 
a good one. If they are, we have no 
way of measuring them except by ob- 
serving those scientists who have proved 
successful. Therefore, it seems that 
one of the first things we must do is 
to find some measure of a good scien- 
tist and then test our students to see 
if they have this scientific aptitude. 
This is a two-prong program which can- 
not be accomplished in a short time, but 
it is a program which well might be 
taken under advisement by the Com- 
mittee on Educational Methods. Only 
after accomplishing this initial step will 
we be in a position to examine fruit- 
fully our teaching and curricula. 

TTiere is always an urge to add cer- 
tain specific courses to remedy specific 
ills ; yet one must remember that good 
research engineers are trained in all of 
the curricula: aeronautical, mechanical, 


electrical, and chemical engineering. It 
seems fairly obvious that it is not so 
much the specific training that one 
receives as the type and breadth of 
training. To insure th<? necessary 
breadth, courses must be added which 
are not in the specific science covered 
by a certain specific curriculum. Many 
electrical engineers are quite deficient 
in thermodynamics and should have 
more thorough grounding in that sci- 
ence. The study of thermodynamics 
is not to be confused with the study 
of power plants or internal combustion 
engines, but it should emphasize the 
theoretical bases of that science. In a 
similar manner, the electrical engineer 
usually needs more aero- and hydro- 
mechanics. It is true that many elec- 
trical engineering courses include a 
course in hydraulics, while in others the 
course is omitted because most such 
courses are limited to the study of em- 
pirical formulas on weirs and simple 
static analyses. With such treatment, 
the course falls into ill repute and even- 
tually is removed from the curriculum 
in disgrace. 

The same sort of analysis may apply 
to curricula in other branches of engi- 
neering. Unfortunately, all such rem- 
edies presuppose the addition of ma- 
terial to the already overcrowded cal- 
endar, and therefore one must seek to 
remove courses to save time and to 
improve the overall efficiency. Again 
only loose generalities can be offered. 
One must remove all material which 
has transitory value only and concen- 
trate on the enduring truths of science. 
The descriptive courses which tend to 
explain how a gadget works and how it 
is made can readily be scrapped and 
should be, since that gadget may not 
exist ten years from now, and if it does, 
it certainly will not Be made in the 
same way. The *‘how-to-do-it” courses 
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and courses in manual arts will have 
to be eliminated, for valuable as such 
skills are, they must be relegated to the 
position of other self-taught attain- 
ments 

The most urgent need in the training 
of a research scientist is a broad un- 
derstanding of physical phenomena. 
This cannot be filled by a prescribed 
course or curriculum, and only the 
teacher who himself possesses a broad 
understanding can effectively aid the 
student. A teacher who has such an 
understanding can point out the simi- 
larity between one set of physical phe- 
nomena and another, and the likenesses 
between the methods by which similar 
problems are solved. For instance, in 
the study of electrostatic fields, we ar- 
rive at equations for equipotentials and 
flow lines by a solution of the so-called 
equation of Laplace. This same equa- 
tion holds for fluid flow, and its solu- 
tion is equally valid for stream lines and 
pressure contours. Similar equations 
and solutions are found for vibrating 


systems in mechanics and for electrical 
oscillations in circuits. Acoustical im- 
pedance is very similar to electrical 
impedance. All these concepts may be 
emphasized to aid the student in ob- 
taining a thorough understanding. 

There are many other things which 
can be done to help train our engineers 
for positions in research and develop- 
ment. Each of us can think of items 
which might be useful, such as an un- 
dergraduate thesis, more mathematics, 
courses in instrumentation, courses in 
report writing, etc. However, these 
suggestions, like all others, rest on 
personal opinion. As said previously, 
the one important thing is that we do 
not actually know what training will 
make a good research engineer because 
we have never been able to make any 
measurements. We have never meas- 
ured qualifications of a good scientist. 
What we, as teachers, need more than 
anything else is research on teaching 
and, in particular, research on training 
for research. 



Conference on Administration of Research 


A conference on the administration 
of research was held at the Pennsyl- 
vania State College, October 6 and 7, 
1947. The conference was sponsored 
by the School of Engineering of the 
Pennsylvania State College. Two hun- 
dred leaders of research management 
from laboratories in the United States 
and Canada registered for the confer- 
ence. Laboratories both large and 
small, managed by industry, educational 
institutions and governmental agencies 
were represented. The high level of 
ability, reputation and experience in 
research as represented by the regis- 
trants, as well as by those on the pro- 
gram, assured the success of this con- 
ference before it was opened. 

Following registration, the Monday 
morning meeting was called to order by 
H. P. Hammond, Dean of the School 
of Engineering of the Pennsylvania 
State College, who, after a brief intro- 
ductory talk, introduced J. A. Hutche- 
son, Associate Director of the Re- 
search Laboratories of Westinghouse 
lillectric Corporation, as chairman of 
the Monday morning session. Speak- 
ers at this session were Maurice Hol- 
land, Industrial Research Adviser, New 
York City; R. L Jones, Vice Presi- 
dent, Bell Telephone Laboratories ; and 
G. H. Young, Assistant Director, Mel- 
lon Institute of Industrial Research. 

Mr. Holland spoke on “The Place of 
Research in the Corporate Structure." 
The subject of the talk by Dr. Jones 
was “Organization by Scientific Di- 
vision.” This was followed by a paper 
“Organization by Individual Projects” 
by Dr. Young. 

The meeting Monday afternoon was 
led by Philip M. Morse as chairman. 
Dr. Morse is the Director of Brook- 
haven National Laboratories. “Re- 


search Reports — Their Form and Use- 
fulness” was the subject of a paper by 
Dwight E. Gray, Editor, Applied Phys- 
ics Laboratory, Johns Hopkins Uni- 
versity. L. W. Chubb, Director of the 
Research Laboratories of Westinghouse 
Electric Corporation, presented a paper 
“Inventions and Patent Policy.” “Pol- 
icy on Publications” was the subject of 
a talk by E. U. Condon, Director, Na- 
tional Bureau of Standards. 

The dinner speaker at the meeting 
Monday evening was Col. Leslie E 
Simon, Director* Ballistic Research 
Laboratories, Aberdeen Proving 
Ground, who spoke on “German Re- 
search in World War II,” based upon 
personal investigation of German re- 
search laboratories made since the war. 

The chairman of the session Tuesday 
morning was J. E. Hobson, Director, 
Armour Research Foundation. The 
first paper on the program at this meet- 
ing was one by Commodore Henry A. 
Schade, Director, Naval Research Lab- 
oratory, on “Inception and Develop- 
ment of a Research Project.” B. B. 
Wescott, Gulf Research and Develop- 
ment Company, presented a paper, 
“Analyses of Research Costs.” P. D. 
Foote, Executive Vice-President, Gulf ^ 
Research and Development Company, 
used Dr. Wescott’s presentation as a 
basis for a further discussion of “Analy- 
ses of Research Costs.” “Selection 
and Training of Research Personnel” 
was the subject of a paper by A. W. 
Hull, Assistant Director, Research Lab- 
oratories, General Electric Company. 

Proceedings of this conference will 
be published as soon as possible. The 
price is $3. Copies may be obtained^ ^ 
from Prof. Kennej^ L. Holderman, 
Pennsylvania State College, State Col- 
lege, Pennsylvania. 
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Scaions and Branches 


The Allegheny Section met at 
State College, October 10, 1947, and 
the following officers were elected: 

Chairman, W. A. Koehler, West Vir- 
ginia University. 

Vice Chairman, R. C. Gorham, Uni- 
versity of Pittsburgh. 

Secretary, D. T. Worrell, West Vir- 
ginia University. 

The Kansas-Nebraska Section held 
a meeting at the Kansas State College 
October 17-18, 1947, and elected the 
following officers: 

Chairman, H. L. Daasch, University 
of Kansas. 

Vice Chairman, J. S. Blackman, Uni- 
versity of Nebraska. 
Secretary-Treasurer, R. F. Morse, 
Kansas State College. 

Representative on Council (2 years), 
L. E. Conrad, Kansas State College. 

The Missouri Section has elected 
S. H. Van Wambeck, Washington 
University, St. Louis, Mo., as its rep- 
resentative on the General Council for 
two years. 

The New England Section elected 
the following officers at its meeting at 
the University of Massachusetts, Oc- 
tober 1 1 : 

Chairman, C. E. Tucker, Massachu- 
setts Institute of Technology. 
Secretary, W. E. Keith, New Eng- 
land Tel. & Tel. Co. 

Representative on Council (2 years), 
W. C. White, Northeastern Uni- 
versity. 


The fall meeting of the New Eng- 
land Section of the Society was held 
at the University of Massachusetts, 
Amherst, on Saturday, October 11, 
1947. The total registration was 307 
members and guests. 

The following conferences were held : 

A, Chemical Engineering 
Graduate Study in Chemical Engi- 
neering. Walter G. Whitman, Massa- 
chusetts Institute of Technology. 

B, Civil Engineering 
Construction Courses in an Under- 
graduate Civil Engineering Curricu- 
lum. John B. Babcock, Massachu- 
setts Institute of Technology ; C. Clark 
Macomber, Macomber Construction 
Company, Boston, Massachusetts. 

C, Electrical Engineering 

English a Neglected Engineering 
Tool. Donald B. Sinclair, General 
Radio Company, Cambridge, Massa- 
chusetts. 

Communications. Lynwood S. Bry- 
ant, Massachusetts Institute of Tech- 
nology. 

D, Mechanical Engineering 
Specifications for an Engineering 

Instructor. William H. Kenerson, 
Brown University; Paul Cloke, Uni- 
versity of Maine. 

E, Drawing 

Secondary School Preparation for 
College Engineering Drawing. 
Chester L. Thorndike, Springfield Ju- 
nior College and Technical High 
School. 

College Graphics Re-examined. C. 
Harold Berry, Harvard University. 
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SECTIONS AND BRANCHES 


F, Engineering School Libraries 

The Engineering Library in Engi- 
neering Teaching. Harold Hazen, 
Massachusetts Institute of Technology. 

G, English and Humanities 

Reaching the General Reader. Dud- 
ley H. Cloud, Managing Editor, At- 
lantic Monthly. 

Contemporary Poetry for the Pro- 
fessional Student. John Ciardi, Har- 
vard University. 

The (’olumbia Humanities Program 
and the Professional Student. Kent 
Hieatt, Columbia University. 

H. Mathematics 

Mathematics and Modern Industry. 
Charles V. L. Smith, Raytheon Manu- 
facturing Company, Waltham, Mass. 

A Specification for the Quality Con- 
trol Engineering Applicant. C. D. 
Ferris, General Electric Company, 
Bridgeport, Conn. 

I. Mechanics t Strength of Materials, 

and Fluid Mechanics 

What Is Ahead in the Teaching of 
Fluid Mechanics? Paul E. Hemke, 
Rensselaer Polytechnic Institute. 

What Is Ahead in Strength of Mate- 
rials Laboratory? Gleason H. Mac- 
Cullough, Worcester Polytechnic In- 
stitute. 

/. Physics 

Cornell's Program in Engineering 
Physics. L. P. Smith. 

Harvard University’s Program in 
Engineering Sciences and Applied 
Physics. F. V. Hunt. 

What Should the Engineering Stu- 
dent Bring from His Course in Phys- 
ics ? J. P. DenHartog, Massachu- 
setts Institute of Technology; D. E. 
Howes, Worcester Polytechnic Insti- 


tute; William P. Kimball, Dartmouth 
College. 

A brief business meeting was held 
at 1:30 p.M. in Bowker' Auditorium 
with Chairman Tucker presiding. The 
secretary commented upon the gener- 
ous response of institutions in the Sec- 
tion to the request for a ten-dollar 
donation from each to cover printing 
costs of the News Bulletin and Pro- 
gram, mailing expenses, etc. 

J. S. Thompson, Treasurer of the 
Society, was introduced and brought , 
the greetings of the National Office 
to the Section. Chairman Tucker read 
a letter announcing the appointment 
of Arthur B. Bronwell of Northwest- 
ern University as Secretary to replace 
Dr. F. L. Bishop of the University of 
Pittsburgh who retired from the office 
after many years of service. Professor 
Higbie Young of Cooper Union, and 
Chairman of the Mid-Atlantic Section 
of A.S.E.E., spoke briefly and brought 
the greetings of his Section to the 
New England Section. Professor C. 
L. Dawes, the Section's Representa- 
tive on the National Council, reported 
briefly upon the recent meeting in 
Minnesota. 

The annual dinner was held at 6 :30 
p.M. in Greenough Hall with an at-, 
tendance of 202. Chairman Tucker 
presided over a brief business meeting 
following the dinner. Dean L. E. 
Seeley of the University of New 
Hampshire, as Chairman of the Nom- 
inating Committee, presented the fol- 
lowing nominations for officers of the 
Section for the ensuing year. For 
Chairman — Professor C. E. Tucker, 
for Secretary — Mr. W. E. Keith, for 
Section Representative on the NationaJ 
Council — Dean W.^C. White. No ad-^ 
ditional nominations were presented 
and with President Dodge presiding 
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temporarily the nominated officers 
> were elected. 

The North-Midwest Section elected 
the following officer at its meeting at 
Marquette University, October 17-18, 
1947: 
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Chairman, F. L. Partlo, Michigan Col- 
lege of M. & T. 

T. C. Brown has been elected to 
serve as Chairman of the North 
Carolina State College Branch, W. 
N. I Ticks is Vice Chairman. 


College Notes 


Northwestern Technological In- 
stitute. Philip C. Rutledge, Professor 
of Civil Engineering, was appointed 
chairman of the department this fall 
to fill the vacancy caused by Professor 
George Maney's death. Professor 
Rutledge has been on the faculty at 
Northwestern since 1943 and taught 
at Purdue previously. 

New men on the faculty include 
William T. Brazelton, Instructor, and 
George Thodos, Assistant Professor of 
Chemical Engineering; James J. Cad- 
well, Assistant Professor of Civil Engi- 
neering ; Messrs. E. Richard Owen and 
Richard I^. Petritz, Instructors in Elec- 
trical Engineering, and Messrs. Rich- 
ard H. Cole and Donald R. Diggs, 
Lecturer and Instructor in Mechanical 
Engineering, respectively. 

A new nuclear chemistry laboratory 
is now being equipped by Rensselaer 
Polytechnic Institute to augment its 
nuclear science and engineering pro- 
gram. Facilities will be provided by 
the new laboratory for training and 
research in connection with the course 
in nuclear chemistry inaugurated by 


Rensselaer in September. This course 
is under the direction of H. M. 
Clark, Assistant Professor of Physical 
Chemistry. 

Papers given last June in Minneapo- 
lis before the Engineering College 
Research Council and at the Fifth 
General Session of the Society have 
been published in the Proceedings of 
the Research Council. Copies are 
available from Mr. John I. Mattill, 
Secretary, at the State University of 
Iowa, for $1 each. 

James S. Thompson, Treasurer of 
the A.S.E.E. and Executive Chairman 
of the Board, McGraw-Hill Book 
Company, has been appointed a repre- 
sentative of the Committee on Inter- 
national Relations of the Engineers 
Joint Council to attend a meeting of 
representatives of engineering groups 
of North and South America at Lima, 
Peru, to be held the end of November 
1947. At the Lima meeting, plans 
will be made for the organization and 
the convening of a Pan-American En- 
gineering Congress. 





TAKING THE "B" COURSE 

The Story oj 
^ Ralph Rhudy 

At General Electric, Ralph Rhudy 
will tell you, the ABC’s are not so simple. 

They’re the letters designating the 
intensive Advanced Engineering Pro- 
gram courses by w^hich the company 
provides young engineers with instruction on working while he studies of General Hectrlc, 
a graduate level. Ralph Rhudy has been assigned to design 

Ralph, a graduate of the University of an actuator for the 50 MEV Betatron. 
Tennessee ana a veteran with 33^ years’ serv- 


ice, has completed G.E.’s “A” Course and 
^ has been selected for the electromechanical 
“B” Course. As a “B” student he will study 
ever more deeply the problems of such fields 
of interest as vector analysis, thermodynam- 
ics, mechanics, and fluid flow. 

While he studies, Ralph is concerned with 
another, larger problem: to find the phase of 
engineering in which he wants to specialize. 
He has been helped in making this decision 
^by his participation in the company’s Rotat- 
ing Engineering Program — especially set up 
to enable veterans to “rotate” through a 
variety of assignments. 

Ralph feels sure that this practical work, 
plus his studies, is giving him the best pos- 
sible background for his engineering career. 

For your copy of ‘‘Careers in the Elec- 
trical Industry," write to Dept. 237-6, 
General Electric Co., Scheneaady, N. Y. 



In th« Navy he was Engineer Officer on the 
U.S.S. Charles J. Klmmel, taw action In the 
initial invasion of Luzon. 
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Recognixed Standards in Engineering 
Education 


ELEMENTARY APPLIED 
AERODYNAMICS 

By Paul E. Hemke 

# This k9xk has been planned to fill the gap between aerodynamics 
texts that are either too elementary or too advanced for the college 
student at the beginning level of the field. It is sufficiently rigorous 
to interest and challenge the student at the outset, yet does not re- 
quire too much knowledge of advanced mathematics and mechanics* 
All fundamentals are carefully covered, then applied to the perform- 
ance of the conventional airplane. 

Includes material never published before on : lift of rotors, elemen- 
tary performance of helicopters, and on the calculation of thrust 
horsepower available in performance of conventional aircraft. 

6" X 9"; 23/ pp. 

ELECTRICAL ENGINEERING 

By Fred H. Pumphrey 

# Here is an invaluable text for the non-electrical engineering stu- 
dent. It treats basic theory and fundamentals, and applies them to 
the various fields of engineering. Thus the chemical engineer, the 
petroleum engineer, the civil and aeronautical engineer, etc., will find 
here all the knowledge of electrical engineering required in their re- 
spective fields. 

# Large number of illustrative problems. 

# Abundance of illustrations and diagrams. 

# Motor applications studied from the point of view of the load to 

be driven. 

# In all discussion, the application remains the central problem, 

rather than an illustration of theory. 

6" X 9"; 369 pp. 

SEND FOR YOUR EXAMINATION COPIES TODAY 


inmiiiiiiuiHniniiMniniiiiiiiiimiiiM 
PRENTia-HALL INC, 



Two important new texts in the Prentice^ 
Hall Electrical Engineering Series 

William L. Emeriti, Editor 

ELECTRONIC ENGINEERING 
PRINCIPLES 

By John D. Ryder 

# Introducing the student to electronic engineering without requiring 
too much background physics, this basic text stresses general and in* 
dustnal uses, and closely integrates applications with theory. Con- 
siderable mathematics are employed — including differential equations 
— and in most cases rigorous developments are used. 

Note these special features: 

• Balanced treatment of physical fundamentals and electrical circuit 

applications. 

# Correct background material in current conduction in vacuo. 

# Introductory material on transit time, preparing for more advanced 

work at U.H.F. 

• Thorough analysis of both large and small signal amplifiers. 

6 " X 9"; 397 pp. 

INTRODUCTION TO ELECTRICAL 
ENGINEERING 

By Robert P. Ward 

# Covering the basic principles of electrical engineering, this ele- 
mentary text gives the student a sound understanding of the funda- 
mentals of electricity and magnetism and shows him how they are 
applied in actual practice. It furnishes excellent preparation for 
later courses in electric circuit fields and machinery. 

• Develops and uses consistently the rationalized MKS system of 

units. 

• Uses throughout a system of positive directions for potential dif- 

ferences, currents, and fluxes. 

6 " X 9"; 370 pp. 

SEND FOR YOUR EXAMINATION COPIES TODAY 

H PRENTICE-HAU, INC, 

IlniiinwHiiiiiiiiiiiiiiiHiiiiu^^^ 
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Teaching Aids 


Here are two teaching aids that are being enthusiastically 
adopted for their high degree of usefulness, particularly dur- 
ing this period of heavy college enrollments. 

Mechanism Problems 
Series A 

By A. S. Hall, Assistant Professor of Machine Design, and E. W. 
Azpell, Assistant Professor of Mechanical Engineering, both of 
Purdue University- 


11 X 17 


50 Plates, Problems ami Directions 


This set of pliites forms the basis for problem work in courses in 
mechanism and kinematics of machines. May be used for two or 
three semesters with little duplication of assignments. Provides 
the student with practice work retjuiring a minimum 6f preliminary 
drafting time. Here is one of many typical comments: 

. . just the sort of thing we have been looking for 
us an aid to instructional efiiciency in our Kinematics 
course. Do not know of anything else that would 
come anywhere near to approaching it in variety of 
problems and completeness of scope. . . Professor 
E, O. Waters, Department of Mechanical Engineering, 

Yale University. 


Surveying Field Problems 
and Note Book 

By Frank R. Theroux, Professor of Civil Engineering, and Lisle A. 
Smith, Associate Professor of Civil Engineering, both of Michigan 
State College. 


210 Pages, 2nd Edition 




A thoroughly tested, convenient manual used in college surv'eying 
courses with marked success. Combines surveying field problems 
and a field note l>ook under one cover. Contains illustrative field 
notes with blank field-book pages for each problem. Also provides 
condensed trigonometric and stadia reduction tables. Bound in 
handy size for field list?. Professor P. //. Underwood, Department 
of Civil Engineering at Cornell University says: 

“The authors have made a wise choice of material and 
have turned out a serviceable and attractive notebook.’* 

oM UuUied ia Aenrl mauunlnaiioet cofUmA 


Firm nn 


2 West 45th St., New York 19, N. Y. 
PUBLISHING CORPORATION 
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3 TUm ^OO-KS 


ORCANIZATION AND MANAGEMENT IN 
INDUSTNY AND BUSINESS (dK) 

By William B. Cornell, Professor of Management^ and Chairmany 'Department 
of Management and Industrial Relations^ New York University 

S uccessfully used for many years in schools of business and colleges 
of engineering this popular text, in its third revised edition,^ has been 
brought completely up-to-date to reflect the most recent developments in 
management. Provides tested basic material for courses in business organiza- 
tion and industrial management. Its aim is to give a comprehensive training 
in the organization, management, and operation of every department of a 
business concern including both commercial and industrial activities. Changes 
include revision of the original text material, emphasis on timely points of 
particular imp>ortance and many new photographs and diagrams. $S.OO 

APPUED JOB EVALUATION 

By H« G6dd6S Stdliwsy, Management Consultant, Former Director of Salary 
and fVage Systemsy E. R. Squibb Sons and Subsidiary Companies, 

D esigned as a work manual but well suited for senior or graduate 
classes in engineering colleges and schools of commerce, etc. This book 
explains the “whys'* and '‘hows’* of job evaluation, the detailed techniques in 
formulating and setting up a successful plan, and the use of such a plan in 
establishing equitable and satisfactory wage and salary scales. This study 
has been developed to meet^ the specific needs of executives, supervisors, and 
personnel men in setting up job evaluation plans. To aid the user of the plan, 
there are 32 illustrations including forms developed by the author. %S,SO 

WORK ROUTING, SCHEDULING AND 
DISPATCHING IN PRODUCTION QgSn) 

By John Younger, Late Professor of Industrial Engineeringy Ohio State Uni- 
versity; and J0S€ph GwSChwilllf Detroit Editor of Automotive and Aviation 
Industries." 

T he third revision of this important book will be valuable to production 
men and to students of industrial management and engineering. Readily 
adaptable to classroom instruction, it explains in clear terms how to get each 
job under way — smoothly and on time, carried through the proper^ channels 
of operation, closed out on schedule — and then to bring the next job along 
promptly under a regularly paced yet flexible plan of routing, schedulii^, and 
dispatching. Every principle, governing each step in the control of work 
routing, is clearly defli^ed with rdative explanations of how these fundamentals 
are put into daily practice. 


THE RONALD PRESS COMPANY, Publishers 

15 E.ist 76lh Street ESTABLISHED 1900 New York lo, N. Y. 
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SUBSTRUCTURE 
ANALYSIS and DESIGN 

By Paul Andersen, University of Minnesota 

In this new book the subject is treated from the point of view of tlie 
desipming engineer and presents the theory largely by means of actual 
design problems. One reviewer of the manuscript said, “The outstand- 
ing distinction of the book is that the author handles the subject through 
a series of illustrative designs, and it must be said in his favor that few 
other texts work out complete design problems in this manner." Another 
reviewer said, “There is a definite need for a text in which emphasis is 
laid on numerical examples of design and analysis rather than on descrip- 
tive material and case histories. The book under preparation shows 
promise to fulfill this need." 

This is probably the first completely new textbook on substructures in 
many years. It can readily be used either as, (1) a basic text for a 
special course on the subject, (2) a supplementary text in a broader 
course on structures, or, (3) to present practical applications in the study 
of soil mechanics. 

TABLE OF CONTENTS 


I. 

Earth Pressures. 

VII. 

Cellular Cofferdams 

ir. 

Sheet Piling. 

VIII. 

Single-Wall Cofferdams. 

III. 

Soil Bearing Power. 

IX. 

Open and Pneumatic Caissons. 

IV. 

Footings. 

X. 

Floating Caissons. 

V. 

Piles of Steel, Timber, and 

XI. 

Breakwaters. 


Concrete. 

XII. 

Wharves and Piers. 

VI. 

Pile Groups. 

XIII. 

Bridge Piers and Abutments. 


Appendices — Steel Sheet-Piling Sections — Fixed End Moments — Active Earth 
Pressure — Passive Earth Pressure — Excerpts from the New York 
Building Code. 

WRITE FOR YOUR EXAMINATION COPY TO BE SENT UPON PUBLICATION 

IRWIN-FARNHAM PUBLISHINB COMPANY 

332 SOUTH MICHIGAN AVENUE CHICAGO 4 , ILLINOIS 


16 




(SWien Trained in Welded Design 
are Essential 

T he Globe Company is one 
of the oldest manufacturers of 
equipment for the meat packing in- 
dustry. In our continuous program 
of improving our designs and pro- 
duction methods, we find it helpful 
to think in terms of arc welded steel 
construction. Welding gives us 
greater flexibility in our approach 
to designing problems. The result 
is equipment that is strong, rigid and light-weight, with 
smooth, sanitary surfaces. 

Our work must be of high standard at all times, and the 
men who are being trained in the engineering colleges 
for welded design and production are becoming more 
essential to us every day. 






President 
The Qlobe Company 
Chicago, Illinois 


This Globe Dry 
Rendering Cooker 
is of welded con- 
struction. 



PuhXithmd through iho courtosy of Thm Lincoln BUctric Company^ CUvetand 1, Ohio 
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There are many practical ways to join- 
two metal parts together — with or 
without applying heat. They can be 
bolted, riveted, threaded, spot-welded, 
arc -welded, torch -brazed or hand- 
soldered. 

One of the newest, simplest and 
lowest cost methods of joining a large 
number of parts quickly and uniformly 
is by electric furnace brazing. Two 
useful forces — electricity and capillary 
action — team together to do quanti- 
ties of work in minutes that would 
take hours by any other method. 

Fan housings, formerly drawn, are 
being electric furnace-brazed from two 
pieces for 14 }^% lees. Discharge flanges 
and tubes, formerly expensive steel 
castings, are now furnace-brazed from 
cold rolled stock at a saving of 32%. 


Nozzles, formerly produced by screw 
machines, are now produced by fur- 
nace brazing four joints simultaneous- 
ly. Saving: 25% plus release of needed 
screw machine. 

Electric furnace brazing, in. many 
cases, provides greater strength, better 
heat conductivity, gas tightness, duc- 
tility or appearance. It may also per- 
mit production of assemblies with 
joints inaccessible for joining by any 
other means. Westinghouse produces 
a complete line of conveyor and batch - 
type electric furnaces. Westinghouse 
engineers will be glad to advise you 
in regard to the benefits furnace 
brazing may offer in your oper- 
ations. Call on them. Westinghouse 
Electric Corp., Dept. T, P. O. Box 
368, Pittsburgh 30, Pennsylvania. 

j-asoos^ 


A^^tinAoiise 

^ OWICtS tVCRYWHIlf 



bsm 
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A COMPLETE 


PRINTING 

SERVICE . . . 

Good printing does not 
just happen; it is the result of careful planning. 
The knowledge of our craftsmen, who for 
many years have been handling details of 
composition, printing and binding, is at your 
disposal. For over sixty years we have been 
printers of scientific and technical journals, 
books, theses, dissertations and works in foreign 
languages. Consult us about your next job. 

PRINTERS OF THE 

JOURNAL OF BNOINEBRZNO EDUCATION 

LANCASTER PRESS, Inc. 

PRINTERS • BINDERS • ELECTROTYPERS 

ESTABLISHED 1877 LANCASTER, PA. 
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Technical Drawing Problems 

Revised Edition By GIESECKE, MITCHELL dc SPENCER 

The revised edition of the workbook features the increased 
emphasis on practical drafting room problems with more 
problems of the advanced t>pe. There are now 105 sheets, 
many revised and redrav\n, and all arc printed on good 
quality drawing paper. This new edition is in conformity 
with the “American Standard Drawings and Drafting 
Room Practice — 1946.” $2.75 

Applied Thermodynamics 

Rtrised Edition By VIRGIL M. FAIRES 

The new edition of this widely used text for year courses 
in thermodynamics has been carefully and thoroughly re- 
vised to cover all modern developments in the field. A 
discussion of the internal combustion turbine has been 
added to the book, the treatment of heat transfer has been 
revised and refined, and s])ccial attention has been given 
to entropy and the second law of thermodynamics. $4.75 

Fundamental Electronics 
and Vacuum Tubes 

Revised Edition By ARTHUR L. ALBERT 

This text provides a sound foundation in electronic theory 
and its principal applications in bot\\ the communications 
and power fields. The revised edition incorporates the 
important developments of the last five years, and follows 
the latest standards of the American Institute of Electrical 
Engineers and the Institute of Radio Engineers. To be 
published in the early jail, $5.00 (probable) 

The Macmillan Company • New York 11 


3 




McQfuua-^iU Roaki. 

ELECTRONIC CIRCUITS AND TUBES 

By the Electronics Training Staff , Cruft Laboratory, Harvard University. 
948 pages, $7.50 

• A companion volume to Transmts.sion Ltnes, Antenna*, and H"ave 
Guides. Presents the theory of electronic* tubes and electric circuits 
used in conjunction with electronic tiib<*s. 

INDUSTRIAL APPLICATIONS OF INFRARED 

By J. D. Hall, Westhighouse Electric Company. 305 pages, $3.50 

• (iives essential data nec'essaiy foi a clearer understanding of the 
place infraied radiation occupies in the field of heat transfer. In- 
cludes details on infrared lamp opeiating characteristics, description 
of available infrared eciuipmcmt, outline of simple test procedure, etc. 

ENGINEERING APPLICATIONS OF FLUID MECHANICS 

By J. C. Hunsaker and B. G. Rightmire, Massachusetts Institute of 
Technology. 479 pages, $5.00 

% A basic fluid-mechanics text in which the underlying equations are 
developed from first principles by consideration of flow through 
fixed region of space. Includes applications/ to impoitant topics in 
mechanical engineering. 

HEAT CONDUCTION. With Engineering and Geological 
Applications 

By L. R. Ingersoll, University of Wisconsin: O. J. Z,ohel, Bell Telephone 
Laboratories: and .1. C. Ingersoll, University of Wisconsin. Inter- 
national Series in Pure and Applied Physics. Ready this winter 

• Gives the theory of heat conduction, with many prac tica! applu*a- 
tions, such as geysers, periodic flow and climate, edge losses from deep- 
freeze units, electric welding, cooling ot gas turbines or ot concrete 
dams, vulcanizing, canning and drying operations, etc. 

MICROWAVE MIXERS 

Edited by R. V. Pound, Harvard University. Vol. lo in the M I. 7\ 
Radiation Laboratory Series. O.SRD-N DRC. 381 pages, $5.50 

• Deals with the microwave portions of receiveis for very-high-fre- 
quency waves. Practical mixers are described and their design 
problc'ins are discussed. 

COMPUTING MECHANISMS AND LINKAGES 

Edited by A . Svoboda. Vol. 27 in the M. I. T. Radiation Laboratory 
Series. OSRD-NDRC. 362 pages, $4.50 

• A basic treatment ot computing mechanisms in general, and a detailed 
study of the design of bai linkages for use in computers. 

CRYSTAL RECTIFIERS 

Edited by H. C. Torrey and C. A. Whitmer, Rutgers University. Vol. 15 
in the M. I. T Radiation Laboratory Series. OSRD-NDRC. 468 
pages, $6.00 

• Discusses the theory, pro|>erties, manufacture, and use of the silicon 
and germanium point-contact rectifiers which have been developed for 
use as microwave converters and for other circuit applications. 




KLYSTRONS AND MICROWAVE TRIODES 

Edited by D. R. Hamilton, Princeton University; J. K. Knipp, Iowa 
State College: and J. B. H, Kuper, Brookhaven National Lalmratory. 
Vol. 7 in the M. I. T. Radiation Laboratory Scries. OSRD-NDRC . 
534 pages, $7 . ^0 

• Primarily concerned with low-power miciowavc triodes and klystrons, 
and their performance as local oscillators, signal generators, and low- 
power transmitters. 

TECHNIQUE OF MICROWAVE MEASUREMENTS 

Edited by C. G. Montgomery, Yale University. Vol. It in the M. I. T. 
Radiation Laboratory Series OSRD-NDRC. ^3‘i pages, $10.00 

• The procedures for measuring properties of miciowaves and the cir- 
cuits in which they are used aie tiescrihed in this volume. Deals 
with such devices as flirectional coupleis, spectniin analyzers, and 
impedance budges 

RADAR BEACONS 

Edited by Arthur Roberts, Stale Umven^ity of Iowa. Vol. 3 tn the 
M. I. T. Radiation Laboratory Series. OSRD-NDRC'. 4H0 pages, $6.00 

• Deals with the design and use of radar responder beacons, with com- 
plete infoimation on their field installation, operation, and main- 
tenance. 

THEORY OF SERVOMECHANISMS 

Edited by H. K. Jarrtis, Purdue University; A'. B. N it hoi a, Taylor 
Instrument Companies; and R. B. Phillips, University of Southern 
California. Vol. 25 in the \I. I T. Radiation Laboratory Senes 
OSRD-NDRC. 375 pages, $5.00 

• The first part of this book covers liequency lesponse techniques ol 
servomechanism design; the second presents a new design technique, 
followed by applications to servomechanisms. 

MICROWAVE TRANSMISSION DESIGN DATA 

By Theodore Moreno, Massachusetts Institute of Technology. Ready 
in spring, J048 

• A handbook for engineers engaged in the design ol miciouave equip- 
ment of all kinds. Discusses transmission line theory, structures, 
hollow pipe guides, wave guide structures, wave guide components, 
cavity resonators, etc. 

VACUUM TUBES 

By K. R. Spangenberg, Stanford University. McGraw-Hill Idectrical 
and Electronic Engineering Series. 857 pages, $7.50 

• A comprehensive suivey of all the physical laws which contribute to 
the understanding of vacuum tube behavior. Recent advances are 
thoroughly covered, and the material includes a number ot items not 
previously available in book form. 

FLUID MECHANICS OF TURBOMACHINERY 

By G. F. Wislicenus. 627 pages, $7.50 

• Gives an authoritative treatment of flow problems encountered in 
the design of water, gas or steam turbines, centrifugal or axial-flow 
pumps and compressors, propellers, and hydraulic torque converters 
and propellers. 

Send for copies on approval 

Mc6RAW.HILL BOOK COMPANY, Ine. 

N«w York 18, N. Y. 


330 W«t( 42fid 
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WILEY BOOKS: 


THE HOUSE FOR YOU, by H. R. 
and C. Slaepar. 

AniJ>/(s jmp irti ill> thp pios ind ct>ns of 
rentinp liuyinK or biiildmK Discii‘'scs the 
fill tors th It makr up i fcood houst md 
roMis sitt stlMtion planninK mtttiids 
iiul fiu'inii 

fnnuarv \ppro\ U)4 p Jf’t s I roh prut 

$ / no 

CENTRIFUGAL AND AXIAL FLOW 
PUMPS, by A. J. Stepanoff. 

I his b(M)k roiisolid itcs I hi ripid Uihnical 
^iins in this fii ]d ind di''( ussi s 
design ind applu ill ms 

Jnni4nr\ \ppto\ 4'*6 p \ Ptoh pn i 

S' no 

SOIL MECHANICS IN ENGINEER- 
ING PRACTICE, by Karl Terzaghi 
and R. B. Peck. 

( out nils the infoimition luirssiry fn ap 
|)l>inK Slid iiKihinus to iht disiKti and 

constriK tion of found itions ret lining walls, 
and cirth sliutiurts 

Ptbruarv ipprox pal'll Pioh pun 

s 9 on 


THEORY OF LIMIT DESIGN, by 
J. A. Van den Breek. 

Oiscussts tin fund imentil piintiplts tint 
lonstitutc a basis for the Ihtoiv of limit 
disigii Imphisi/is ductile stitss distribii 
turn insli id of elastic striss distiibution 
Dmmbn ippfox lit pti/^n Proh 
prti f $3 00 

HEAT, by A. G. Worthing and 
David Halliday. 

\ I Ii ir study of hi it with iinpJiisis on 
the ixpi nmt nt il rather thin the thiorctiial 
\ It wpoint 

fanuatv Xppttx >2'‘ p tf.* x Prob pnn 

$6 00 

PRINCIPLES OF JET PROPUL- 
SION, by M. J. Zucrow. 

Covers lurbojit engines rockets the con 
tinuous gas turbini air compressors axial 
flow turbines the combustion chimbir 
and high temperature metallurgy 
Februatv Approx 544 pagrs Prob prtce 
JTd 50 


NEW BOOKS 
NEW EDITIONS 


STEEL AND ITS HEAT TREAT- 
MENT, Volt. I G* II, by D. K. Bullent, 
and the Metallurgical Staff o^ Bat- 
telle Memorial Institute. 

\ol I pnsents definitions terminology and 
fundimentd concepts necessary to discuss 
he it treitment Vol II discusses appli 
cations of the principles and the tools of 
he it tnatment 

/ ifth rditton January \ ol 1, Approx 
4b Q pagts Prob prtn $5 00 Vol // 
Approx 203 pagfs Ptoh prtce $5 00 

STRESS ANALYSIS AND DESIGN 
OF ELEMENTARY STRUCTURES, 
by J. H. Cissel. 

(overs thi fuiulami ntals of stiuctural 
analysis and di sign of timber steel and 
concrete stiuctiires I he speciflcation im 
tenal is brought up to dite and i nt w 
chapter deals w^ith light gige sti cl con 
st ruction * 

Sr( ond Pdihoii Januarx 4pptox 4 ''2 
pagts Proh prut $4 50 

MODERN TIMBER DESIGN, by H. 
J. Hansen. 

An introduction to the thtoi> of wikkI 
design which contains the inostf rettnl 
working stresses and in added ch ipter on 
timbir mechanics 

St cond Edition Fib/uarx ipprox jjO 
pugtx Prob pnt i $4 75 

HYDRAULICS, by H. W. King, C. 
O. Wisler, and J. G. Woodburn. 

Tht sections on hydrostitus hvdiod> 
niniKs ind pipes ind open chanmls havt 
bttn reMstd ind expindid A ntw chap 
tf I deils with hydraulic similitude and 
flinunsionil analysis 

! t]th I dition January ipptox i5I 
pages Prob prtct $3 50 

DATA BOOK FOR CIVIL ENGI- 
NEERS, Vol. Ill, FIELD PRACTICE, 
by E. E. Seelye. 

The third volume furnishes the field in 
gineer or inspector with data on all aspects 
»t his work The material is divided into 
two sections Inspection and Surveying 
\oiefnber 305 pagts $t 50 

ARCHITECTURAL CONSTRUC- 
TION, by Theodore Crane. 

Helps thi d^’signer choose the appropriate 
stiuctural system and secondary structural 
elements on the basis of geographical loca 
tion site conditions type of occupancy 
equipment and architectural design 
October 414 pages $6 00 


Other WILEY hooks on pane 7 


JOHN WILEY & SONS, INC., 440 Fourth Ave., New York 16, N. Y. 
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WILEY BOOKS 


NEW BOOKS 
NEW EDITIONS 


VACUUM TUBE CIRCUITS, by L. 
B. Arguimbau. 

AmoriK other topics 'll! excellent discussion 
of inserse feedback frequency modulation 
trmsnnt response of \ideo amphfieis 
fiulsts ind television 

fanuary ipprox 6‘!6 pa^t\ Proh pm 
^^6 00 

TECHNIQUES IN EXPERIMENTAL 
ELECTRONICS, by C. H. Bachmann. 

Di lis with controlled beams of charRed 
pai titles 111 vacuo or it very low pres 
sures Dies not inelude the field of con 
(liKtion of electric il> through Rises 
Itbtuarx \pp}0\ D pif,fS Ptob pi e 
^ ) SO 

Q. E. D.t HISTORY OF M. I. T. IN 
WORLD WAR II, by J. E. Burchard. 

The stoiv ot the w irtiine eontribution to 
vKtory of one of the worlds most fiinius 
technical sch lols 

htbruary ipprax '' )2 pa^ts Prib 
price 00 

IMPROVING SUPERVISION, by 
Frank and R. W. Cushman. 

(Offers a solution to pribhms of laR in 
supervisory duthiiit> in cxpandins shops 
carelessness wa te accidents ibscnteeism 
and hindlinj, gruvincis 
Dtccmbtr Approx j 4 pipts S sO 

PHOTOELASTICITY, Vol. II, by M. 
M. Frocht. 

Deals with ad\ meed theories md tech 
niques of photoelaslicity This volume 
discusses the influente of physical con 
slants of i rnateri il on stress distribution 
two and three dimensional photoelast icily 
January \ppro\ 477 pages Piob pru* 
'$10 00 

PREPARATION 6* CHARACTER. 
ISTICS OF LUMINESCENT MA- 
TERIALS, G. R. Fonda, Editor. 

A compilation of the papers submitted at 
the Luminescent Materials Conference 
held at Cornell University in October 
1046 

ipnl ipp ox 124 pages 

SO on 


PRINCIPLES OF FOOD FREEZ- 
ING, by W. A. Gortnor, F. S. Erd- 
man, and N. Mastorman. 

J’rt suits ill ispects of foixf free/mg from 
the raw material to the finished product 
as It lies on the consumer s table 
fanuiix ipprox 27S pif^es Pi oh prm 

SI so 

MODERN METALLURGY OF AL- 
LOYS, by R. H. Harrington. 

A char treatment of the fund ime ntals of 
the subject stri >>sinK the why nther 
thin meirly compiling dat i 
\1inh \ppio\ ISI plgis Pinb prut 


TIMBER ENGINEERS' HAND- 
BOOK, by H. J. Hansen. 

fhe liti-il inf )im linn on thi properties 
of wot)d grading specific ilions working 
stresses presi rv it ions fistuimgs and di 
sign formiil is 

January \pptox SS2 pagts Piob price 
SIO 00 

POWER SYSTEM STABILITY, Vol. 
I, ELEMENTS OF STABILITY CAL- 
CULATIONS, by E. W. Kimbark. 

Stresses Irinsient rather than steady state 
stibility Includes means of improving 
svstnn stability such as cinuit breakers 
ind protective relays 

hebruary Apptox 3S6 pigis Proh price 

\7 on 

NOMOGRAPHY, by A. S. Lovont. 

I he fundamentals of graphical methods 
showing how ilignment ihirts cm help 
eliminali tednus mathemitical compula 

tlOllN 

J inuarx approx 161 pages Proh price 
SI 00 


INDUSTRIAL HEALTH ENGI- 
NEERING, by A. D. Brandt. 

A practical tieatment of the science of 
maintaining the workers environment in a 
condition conducive to go<xl health 
\oiembfr IQS pages $6 00 

MAGNETIC CONTROL OF IN- 
DUSTRIAL MOTORS, by G. W. 
Houmann. 

Explains the pier form i nee of motors char 
actenstics of control devices and the 
function of commonly used control circuits 
November 5b9 pages S7 SO 


Prob price 

'Other WILEY books on page 6 


JOHN WILEY & SONS, INC., 440 Fourth Ave., New York 16, N. Y. 





THE RECENT 


New Fifth Edition 

MECHANICAL UBORATORY 
METHODS 

By Associate Professor Frederic W. Keator, Yale University ^ 

(Formerly Smallwood and Keator). 

Ita notable features include the wide scope achieved without any curtailment of the 
treatment of principles, calculationa, or interpret ationa of results; the full coverage 
of the principles and details of testing important instruments, power units, fuels and 
lubricants. The student is not overburdened with desciiptions of operation, appa- 
rattis, and details of instruments and appliances that are more readily understood 
by a physical examination or performance of the actual devices. 

Some adoptions to date of this text are: Johns Hopkins University; University of 
Maine; Massa<*husetts State College; Norwich University; Southwestern Louisiana 
In.stitute; Virginia Polytec*hnic Institute and Yale ITniversity. 

,S80 pages b X U Cloth Illustrated $4.50 


ELEMENTS OF APPLIED ENERGY 

By Frederick T. Morse 

ProfesHur of Mvchanicat Enytneerinu Uni cersUy of Viigitiin 

The aims of this text are to familiarize the student with the various forms of energy 
and then to tell him the “how” and “why” of the machines and othei equipment in 
whn'h energy plays a part; to provide him with a working knowledge of energy 
equipment w'ithout burdening him with thermodynamic derivations prematurely, 
and to furnish students of the allied engineering branche«* with a sound knowletlge 
of the practical applications of energy. 

Some of the institutions adopting this text to date are: Alabama Polytechnic Institute; 
Fenn College; Franklin Technical Institute; l.iOs Angeles City College; Michigan 
State College; Montana State College; University of New Hampshire; Notre Dame 
University; University of Pittsbuig; Princeton I'niversity; Utah State Agricultural 
College; l^niv'ersity of Virginia. 

444 Pages 0 X 0 C'loth Illustrated Price $5.50 

Write for examination copies. 

D. Van Nostrand Company, Inc. 

250 FOURTH AVE. NEW YORK 3, N. Y. 
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The Recent Fourth Edition 

STEAM AND GAS ENGINEERING 

By 

Professor Emeritus T. E. Butterfield 

Lehigh University 

Professor B. H. Jennincjs 

Northwestern University 

Professor A. W. Luci: 

Institute 

This text |)iovi(Jos the niateriai foi courses in Heat Powei and Thoi rnodynaniics. It is 
exceptionally broad in its coverage, troatinf; the entire study of the development of 
heat power from fuels by means of steam equipment of all kinds, and internal com- 
bustion engines of all types. 

Home adoptions ol this now edition include the following institutions: Bradford Durfec 
Textile Institute. California State Polytechnic C'ollege; Carnegie Institute of Tech- 
nology; University of (hncinnati; University of Colorado ; Colorado School of Mines; 
University of Delaware; Duke University; Cleorge Washington University; Georgia 
School of Technology; Lehigh University; Louisiana State University; Louisiana 
Polytechnic Institute; University of Manitoba; Massachusetts Institute of Tech- 
nology; Northeastern University: Northwestern University; University of Okla- 
homa; University of Pittsburgh; Pratt Institute; Villanova College; Washington 
University; University of Wisconsin; Tulane University. 

588 pages 0 X '1 cloth illustrated $6.00 

ELEMENTS OF HYDRAULIC 
ENGINEERING 

By D. S. Ellis 

Frojessor of Civil Engineering and Dean of the Farulty of Ajyptied 
Science, Queen's University, Kingston, Ontario, Canada 

This book [aovidcs the engineering student first of all with a conci.se treatment of the 
basic ideas and methods of hydraulics, and secondly, with a reasonably broad dis- 
cussion of the application of these ideas to the problems commonly met in practice. 
Elementary calculus and mechanics have been freely used throughout the book. 

Home adoptions to date include: Agiicultural and Mechanical College of New Mexico; 
University of Akron; Univeisity of Alabama; Alabama Polytechnic Institute; 
Bradford Durfec Technical Institute; Buckncll University; Cainegie Institute oF 
Technology; University of Colorado; The Citadel; University of Delaware; Johns 
Hopkins University; Lafayette College; Marquette University; University of Mis- 
souri; Queens University; Tulane University; Worcester Polytechnic Institut(\ 
Youngstown College. 

277 pages 01X9* cloth illustrated $3.50 

Write for examination copies. 

D. Van Nostrand Company, Inc. 

250 FOURTH AVE. NEW YORK 3, N. Y. 
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ALUMINUM BRAINS FOR THE ASKING 


Some day ^011 aie ^oing to want to kiioH Hornelhing that you won't have 
learned in <*oIlege. And won't find in books. 

You are going to coii*4ider using aluminum for some purpose where the 
engineering isn't all spelled out for ^ou. You’ll want facts about aluminum 
I hat you can apply to your problem; and guidance in using them. 

When that happens, remember to call on the brains that have stored 
lip more knowledge <if aliiriiinuin than you can find anywhere else. For 
59 years this brain has been gatheiing facts and experience in making 
aluiiiiniiiii useful in (housands of ways. 

We are talking about the cumulative corporate biain of ALCOA . . . 
Aluminum Company of America. When it goes to work on your problem, 
I he particular kind of knowledge needed is sure to be found in one or 
knore of this brain’s many parts ... in the minds of the scientists, engi- 
neers, plant men and salesmen who make up this corporate brain of ours. 

Their metallurgical experience, their counsel on design, their intimate 
knowledge of aluminum fabrication and finishes ... all yours for the ask- 
ing. Amjmusijm Company ot America, Gulf Bldg., Pittsburgh 19, Peniia. 

MORE peepU want MORI aluminum for MORI uses than avar 


ALCOA 


FIRST IN ALUMINUM 
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The Society— A National Forum 

By ARTHUR BRONVVKLL 
Secn'Kiry of the Society 


A survey of the progress of engi- 
neering education over the past ([uarter 
of a century reveals the vigorous and 
constructive elTorts which members of 
the A.S.E.E. and its predecessor, the 
S.P.E.E., have contributed to the ad- 
vancement of engineering education. 
Against a kaleidoscopic background, 
stand out a few clearly defined, monu- 
mental contributions which h^ve ele- 
vated the profession to a new high 
point of surveilance, making it possible 
t(' obtain a deeper understanding and 
a greater api)reciation of the responsi- 
bilities and long-range goals of engi- 
neering education. 

However, the most signiticant con- 
tributions of the Society are to be 
found not in the eminent masterpieces, 
but rather in the functioning of the 
Society in its capacity as a national 
forum for the interchange of ideas and 
the inspiration and stimulus which this 
has brought to bear upon the manifold 
problems of engineering education. 
Iwery conceivable phase of engineer- 
ing education has been subjected to 
critical and constructive analysis 
through the medium of the Society’s 
meetings, its publications, and through 
the activities of its councils, commit- 
tees, divisions, sections, and branches. 
Out of the cauldron of the past has 
come a more or less clearly defined 
plan of engineering eudeation and a 
sturdy foundation has been laid. 


At times, we may feel intuitively 
that the basic foundation and the 
framework of our system of engineer- 
ing education have been so thoroughly 
planned that little improvement is nec- 
essary and wc need now concern our- 
.selvcs only with adding to the super- 
structure according to the well-defined 
plans of our predecessors. We may 
be lured to the conclusion that engi- 
neering and the basic sciences have 
evolved to a (piiescent plateau from 
which there will be continued prog- 
ress, to be sure, but that the basic pat- 
tern of engineering education will re- 
main fixed and immutable; that the 
task of the future is merely one of 
improvement and refinement. Even 
the social sciences and the humanities, 
tho.se long-neglected segments of engi- 
neering education, have been subjected 
to critical analysis and a solid founda- 
tion has been laid for correcting the 
deficiencies of the past. 

What new' challenges lie ahead? 
C an we safely say That the major prob- 
lems of engineering education have all 
been solved; that w^e can now close 
the books to progress; that we can 
follow the example of Rip Van Winkle 
and take a long sleep? If such an atti- 
tude had been adopted by the Society 
and its members a quarter of a century 
ago, the tragedy of it would be appar- 
ent today. No one would deny that 
there has been a complete reformation 
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in our whole structure of engineering 
education during the past quarter of 
a century — a reformation which was 
vitally necessary in order that educa- 
tion keep pace with the rapidly ex- 
panding frontiers of science and tech- 
nology 

It is e(|uall> apparent that scientific 
and technological pi ogress today is 
expanding at a more rapid rate than 
ever before in the history of mankind. 
This accelerated progress may be at- 
tributed to the unprecedentedl) large 
number of highly trained scientists 
and engineers, as well as to the m 
creased emphasis placed u])on research 
by the colleges, industry , and govern- 
ment. There can be little doubt that 
the resulting e\])ansion of scientific 
and technological knowledge will pro- 
foundly alter the engineering curricula 
of the future. During the past quarter 
of a century we have seen whole new' 
areas of science and engineering invade 
the curricula and take a permanent part 
m our engineering education. In view 
of the rapid strides of science and en- 


gineering today, it is reasonable to 
assume that the engineering curriculum 
twenty-five years hence will be as dif- 
ferent from that of today as today’s 
curriculum is from that'of a quarter 
of a century ago. 

The A.S.E.E. must conliiuie to serve 
as a national forum for the exchange 
of ideas. It must continue to serve as 
a unifying agency through w^hich the 
members of the Society can exert their 
constructive influence for the advance- 
ment of engineering education. Prog- 
ress often is marked by two steps for- 
ward and one step backward. To 
assure continuecl progress in the right 
direction requires first, a clear defini- 
tion of the major issues, then a logical, 
orderly approach to the solution of the 
problems. It requires discriminating 
judgment with a cautious observance 
of the long-range objectives. It re- 
quires the efforts, the abilities, and the 
inspiration of all of those who recog- 
nize a keen sense of obligation toward 
their profession. 



Texas Awaits You 


\ typical Texas "Howdy” and a 
warm handclasp await members of the 
\merican Society for Engineering 
I^Mucation attending the Society’s 1948 
.uinual meeting at the University of 
Texas next June (14-18). 

Located in Central Texas in the capi- 
tal city, Austin, the University is the 
capstone of the Lone Star State’s edu- 
cational system. Opened in 1883, it is 
the largest educational institution .south 
of Chicago and ea.st of California. 

Its College of Engineering was cre- 
ated in 1894 Engineering registration 
for the current semester is 3,681 stu- 
dents out of a total of 17,343 and is 
surpassed only by Colleges of Arts and 
Sciences registration among eight col- 
leges and schools of the Main Campus. 
Well over 3,000 engineering degrees 
have been conferred since 1894. 


Although the central seat of the Uni- 
versity is the Main Campus in Austin 
its education, research and services 
spread well over Texas’ 263,644 square 
miles. Its Medical Branch is in Gal- 
veston. The Dental School and the 
University owned M. D. Anderson 
Hospital for Cancer Research are in 
Houston. The College of Mines and 
Metallurgy is in El Paso. It owns and 
operates cooperatively with the Uni- 
versity of Chicago, the W. J. McDonald 
Observatory in the Davis Mountains 
of far West Texas. Constitutionally, 
the Agricultural and Mechanical Col- 
lege of Texas, in College Station, is a 
sister institution, although governed by 
a separate board of directors. 

The Main Campus covers 200 acres 
in the heart of Austin. The 27-story 
Library-Administiation tow^er competes 
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Campus View, University of Texas, Tower of Library-Administration Building 
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uith the capitol dome in dominating 
the city. More than 50 buildings are 
sj)read about the Main Campus. 

Last year there were l,02v3 teachers 
oil the staff, including 835 full-time 
j)()sitions. Approximately 100 full- 
time positions have been added this 
A ear. 

The faculty includes many promi 
nent educators and scientists. Admin- 
istrative head of the University is Dr 
'riieophilus S. Painter, eminent geneti- 
list and member of the National Acad- 
emy of wSciences. lie was the 1934 
winner of the Academy’s gold medal as 
tlie nation’s outstanding scientist. He 
left the laboratory in 1941 to become 


acting president and was appointed 
president in May, 1946. He has been 
a member of the faculty since 1916. 
Dr. Painter received his A.B. degree 
from Roanoke College; his A.M. from 
Yale and his Ph.D. from Yale. He 
was awarded an honorary doctorate of 
science by Yale in 1936. Before com- 
ing to the University of Texas he was 
an instructor in biolog} at the Shef- 
field Scientific School. 

The University’s influence is felt far 
be}ond the borders of its campuses. 
Through its Extension Division it op- 
erates proliably the largest jirogram of 
interscholastic litcrar} . mathematics, 
music and sports coin])etition in the na- 
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tiuii Tile* division also maintains 
teaching, iiidustnal and business, li- 
brary and visual instruction bureaus 

More than 20 organized University 
research bureaus and institutes serve 
the state and nation through publica- 
tions and otheiwise It operates a 
statewide mental hygiene jirogram and 
a child health progiam which are 
financed hy foundations Radio House, 
a \\orkshop-lahorator\, originates en- 
tertainment and educational jirograms 
for many t}pes of audiences 

In sports it is a leadei in the South- 
west Conference and its \aisity teams 
usually are at home among the na- 
tion’s best 

Financiallv it is unique Moie than 
1,000 oil wells contribute to its support 
and development. The constitution of 
1876 set aside a million aeies of West 
Texas land and later the I.egislatuie 


added a second million acres for a per- 
manent university fund. The land, 
once thought to be of value only foi 
grazing purposes, later proved to con- 
tain oil bearing sands Yhe income 
from oil lease sales, royalty and lease 
rentals goes into the permanent fund 
The permanent fund is invested. The 
income from the investments is divided 
ajiproximateh two-thirds to the Uni- 
versity and one-third to Texas A & M 
College Although the income is in- 
creasing the University remains de- 
jiendent upon legislative appropriations 
for a large portion of its operating in- 
come Income ’from the ])ermanent 
fund is earmaiked pimciiially for build- 
ing and a large expansion program is 
now being planned The present plant 
w^as designed foi a maximum of 8,000 
to 10,000 students and postwar enroll- 
ment increase has overtaxed it tre- 



Campus Scene With Geology Building in Background, University of Texas 



TEXAS AWAITS YOU 


255 



Campi s ScFM Lmm-rsiiv of ffXAs BiiiDiNts, Ifft to Ruin BlOIOfA, 
Pm sits Chemistry and Enginffrini 


ineiidousl} Tempoiaiv doimitones 
and classroom buildings have been 
helpful but have not sohed the prob- 
lem of overciovvding 

Veteians account foi the laige post- 
war enrollment increase, theie being 
10,577 enrolled foi the current semes- 
ter The trend of non-veteran enroll- 
ment is upward and may continue until 
about 19^ 

The University’s story is a long one, 
with a thousand ramifications It in- 
cludes legends, traditions, political 
strife. It also includes hospitality and 
members of the American Societ> for 
Engineering Education are urged to 
sample it to the fullest next June 


Summers sometimes intense heat 
has not usuallv ai lived by mid-June 
Balmy da\s and cool nights should be 
in order Recieation opportunities will 
be plentiful Swimming, boating and 
fishing are abundantly available within 
the cit> limits and in the artificial lakes 
of the Lower Colorado Ri\er Authorit> 
system which form a chain running 
northwesterly from Austin Plane, 
tram, bus and automobile place Hous- 
ton, San Antonio and Dallas within 
eas} reach The Gulf Coast is a few 
houis distant and Mexico’s nearest 
port of entry, Nuevo Laredo, opposite 
Laredo, Texas, is 250 miles by highway 





Evening Graduate Programs in Electrical 
Engineering* 

By ERNST WEBER 

Head, Departiiiciit of /i.lcitncal hmimccrnui, Polytcthau histifutc of Brooklyn 


Evening graduate programs have 
l)cen successful in several inetroj^olitan 
centers of population which are also 
centers of industry. 'riioiigh indi- 
vidual graduate courses had been of- 
fered in late afternoon or evening since 
about 1^20, complete degree programs 
on the Master’s level were first intro- 
duced at Polytechnic Institute of 
I^rooklyn in 1025 in Chemistr\, and in 
1928 in Electrical E'ngineering. The 
first com])lete doctoral evening pro- 
gram in Electrical Engineering in the 
country was ofYered in 1936 at the 
Polytechnic Institute of Brooklyn. 

According to the latest available sta- 
tistics published in the January, 1947 
issue of the Journal of Engineering 
Education, the enrollment figures for 
the graduate programs in Electrical 
Engineering were as follows : 


find more students pursuing part time 
and evening graduate studies than are 
enrolled in full time graduate work ! 
That a large proportion of the former 
is found at out' Institute is, among 
other factors, attributable to its loca- 
tion in the heart of the greatest me- 
tropolis which is also the focal point of 
some of the most important research 
and development lalioratories in E'lec- 
trical Engineering. 

This enormous growth of evening 
graduate ])rograms raises at once the 
questions of why they were successful 
and how they might comiiare with day 
graduate programs. 

It has been the experience that 
evening graduate courses serve tzvo 
purposes. They either give specialized 
information in fields of particular in- 
terest to men employed in research and 


Studenis in E.E. Master’s Programs 

Full Time Part Time 

for the Nation 1189 1474 

for Polytechnic Inst, of Brooklyn 46 (3.9%) 209 (14.2%) 


Total 

2663 

255 (9.6%) 


Students in E.E. Doctoral Programs 

Full Time Part Time 

for the Nation 69 93 

for Polytechnic Inst, of Brooklyn 3 (4.4%) 41 (44.2%) 


Total 

162 

44 (27.2%) 


Quite different from the situation 
in the undergraduate programs, we 

* Presented at the annual meeting of the 
.^.S.E.E., Minneapolis, June 18-21, 1947. 


development lalx^ratories ; or they 
make possible a combination of gainful 
employment and study on the gradu- 
ate level for advanced degrees. Nor- 
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inally, enrollment at the Polytechnic 
Institute of Brooklyn has been almost 
equally divided between these two 
types of course offerings ; more re- 
cently, a much larger proportion of 
students is enrolled in degree pro- 
grams. 

Little need he said about the first 
type of graduate course serving spe- 
cialized needs. With a well-selected 
group of instructors, either from the 
Institute or from Industry, a high 
level can readily he set and the en- 
rollment becomes a direct function of 
the level of the course. 

The Eve NINO Gkaimjate School 

More should he said about complete 
degree programs offered in the even- 
ing. Our philosophy and objectives 
have been exactly the same as those 
of any strong day graduate school: 
training in fundamental methods of 
analysis, research, and synthesis lead- 
ing to a critical understanding of the 
basic principles and a thorough mast- 
ery of the knowledge, in a chosen 
field. As a matter of fact, the gen- 
erally high caliber of the students has 
permitted and invited great em])hasis 
upon fundamental courses in mathe- 
matics and physics to provide the 
proper foundation and furnish the 
powerful tools, for advanced study. 

Because of the usually wide experi- 
ence in laboratory work that the even- 
ing students from research and de- 
velopment laboratories bring to the 
class, the discussion and presentation 
of the subject matter are kept at a 
high standard. The stildents are pri- 
marily interested in the basic connect- 
ing theory, and in the transition from 
the theory to the application rather 
than in any descriptive information per- 
taining to applications. It is charac- 


teristic that these students state pref- 
erences for specific teachers and select 
courses frequently because of the 
teacher rather than because of the sub- 
ject matter. Training in the profes- 
sional subjects need not he considered 
one-sided, because most of these stu- 
dents have had the maturing experi- 
ence of years of contact with fellow 
professional men. 

Graduate admission proceedings in 
the evening are, by far, not as critical 
as graduate admissions in the day 
school. Keeping the .standards high, 
any weaker student who might have 
drifted into a class will eliminate him- 
self in very short order. As a result, 
the natural selection will leave only 
well-qualified students to come up for 
candidacy for the Master’s degree, 
which, in the usual case, is two years 
after the entrance of a student into 
the evening graduate school. Indeed, 
there exists a rather strong discon- 
tinuity in the transition from under- 
graduate day courses to evening 
graduate courses which has presented 
a real challenge even to the best of 
students continuing directly after 
graduation from the day undergradu- 
ate ]:)rogram. 

The more mature type of the aver- 
age evening student makes it impera- 
tive to have a faculty with industrial / 
experience which can stand searching 
questions. In many instances, the stu- 
dent may know more about a specific 
sector of a field than a teacher; how- 
ever, the broad background and train- 
ing of the teacher must make it possible 
for him to give a satisfactory reply con- 
cerning the analysis of the problem, 
and its relation to fundamental theory. 
It has been our practice not to appoint 
any one to the graduate teaching 
faculty who has not had several years 
of pertinent industrial experience. On 
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I he other hand, an area as rich in 
|)roniinetit research scientists and en- 
Ljineers as New York, allows to draw 
upon the part lime services of oul- 
standinf» experts in the respective 
fields for certain specific graduate sub- 
jects. This enhances the graduate 
piograni, provides interesting contacts 
lor the students, and gives an acknowl- 
edged satisfaction to the associated 
lecturer. 

As a natural development of the 
stress upon fundamentals, close liaison 
and, indeed, collaboration Ixitween the 
departments of Physics, Mathematics, 
and Electrical Engineering were estab- 
lished very early. Thus, in 1036, a 
program of five comprehensive inter- 
departmental courses in classical and 
cjuantum physics was introduced which 
could be chosen as a major group 
for the doctor’s degree under the 
heading “Electrophysics.” More re- 
cently, courses in basic applied me- 
chanics have been added to this group. 

Since the time of contact between 
teacher and class is restricted to a few 
Imurs per week, it is very important 
to amplify class lectures by home as- 
signments requiring extra reading and 
study. Home assignments should be 
carefully corrected and returned for 
resubmission if they were found wrong, 
or for the student’s file if they were 
found correct. To many students, 
these problems form an important sup- 
plement to the lecture notes. 

Administration of the Deorek 
Programs 

The administration of graduate de- 
gree programs in the evening poses a 
few problems not present in the day 
graduate school. Usually, the evening 
study for the Master’s Degree con- 
sumes between three and four years, 


our average being 3.25 years. The 
Doctor’s Program will take, addition- 
ally, five to six years of evening study. 
This makes continuity of effort, con- 
tact with the student, freshness of 
knowledge some of the real problems. 
It is the more encouraging that the 
level of actual programs can be kept 
high. Details of the degree programs 
will perhaps best illustrate this point. 

The Master s Program includes as 
required courses : Vector Analysis 
to be followed by Electromagnetic 
Theory, and Complex Functions, fol- 
lowed by Transients in Linear Sys- 
tems. The course IClectromagnetic 
Theory is taught with full use of Vector 
Analysis. It ])resents Maxwell’s 
theory and the basic applications to 
static field problems, eddy current 
problems, and radiation problems en- 
countered in research and design prac- 
tice. The course Transients in Linear 
Systems reviews classical and opera- 
tional methods and then applies func- 
tion theory in connection with Fourier 
and Laplace Transforms to lumped 
networks and transmission lines. Of 
the total of 30 credits required, these 
prescribed courses constitute 12. Eight 
additional credits are allowed for thesis, 
which is required of all students. It 
must evidence independent and cre- 
ative thinking and is usually the best 
index to establish research ability in 
the case of men interested in going on 
towards the Doctor's Degree. Upon 
completion of one-half of the Master’s 
])rogram and before permission for 
thesis registration is given, the stu- 
dent applies for “candidacy” for the 
degree which initiates a review of his 
performance and leads to pertinent ac- 
tion by the program administrator. 

The requirements for the Doctor's 
Degree beyond those for the Master’s 
Degree include Advanced Differential 
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Equations, Analytical Mechanics, and 
either Statistical Mechanics or Ouan- 
tum Mechanics. 1'he student must 
pass a qualifying examination in his 
major field, which is the field of his 
dissertation, and he must show satis- 
factory cour.se performance in two 
minor fields, usually mathematics and 
physics, before he can he admitted to 
“candidacy” for the degree. In order 
to guide the planning of the student 
over the long years of his study, a 
Guidance Coinntitfee is a])pointed about 
one or two years after his completion 
of the Master’s Degree, and after he 
has been able to definitely .select major 
and minor fields. This (kiidance Com- 
mittee jdans and supervises the stu- 
dent’s program, taking into account his 
preferences, his experience, and his 
previous training. ICvery doctorand 
has thus an individualized program of 
study and personal contact with gradu- 
ate faculty members which give him 
confidence of achievement and give us 
the first hand information so necessary 
for the higher degrees. It is also 
obvious that endurance is an im])ortant 
factor in addition to ability. 

The greate.st stress in the Doctoral 
Program is, of course, on the disserta- 
tion which must constitute an original 
contribution. Where it is ])os.siljle, we 
try to induce a student to study his 
last year for the Doctor’s Program on 
a full time basis as a Research Fellow, 
in order to concentrate all his eflFort 
on the dissertation with only some 
minor course work. If this is not 
possible, then arrangements for shorter 
leaves of absence are usually made to 
permit the final spurt to the finish. 

The scheduling of a full graduate 
program within the comparatively 
small number of evening hours avail- 
able presents a particularly difficult 
task. Recourse must be taken to give 


courses in alternate years and, in fact, 
a few of the top courses might be given 
only every three years. The magni- 
tude of this .scheduling problem can 
l>est be judged from the fact that, at 
present, our graduate program in 
Electrical Engineering comprises 35 
courses, of w^hich 11 arc full year 
cour.ses; to this must be added at least 
10 cour.ses each in Physics and Mathe- 
matics. On the other hand, to accom- 
modate the large number of graduate 
students re(juires many course offer- 
ings so a.-, to hold the classes to reason- 
able sizes and ])reserve close student 
contact. The’ table illustrates this 
course program. 

Ahout Evknin(; Study 

Criticism has been made that evening 
students cannot possibly perform as 
well as day students since they must 
be tired after a day’s work. If stud\ 
for advanced degrees in the evenitig 
calls for sj)ecial effort over and above 
that of the day student, it could onl) 
mean that, l)y laws of natural selection, 
only the best will endure. Surely, one 
has to anticipate the many human prob- 
lems that might temf)orarily interfere 
with the pursuit of study, such as mar- 
riage, addition U) the family and the 
like. But married students with under- 
standing wives are more conscious of 
their responsibilities and represent the 
most serious types of .students. It has 
been our ex])erience that every in- 
structor who comes into contact with 
our evening graduate .student body ex- 
periences a more satisfactory response 
to his teaching, and finds greater chal- 
lenge in the questions raised than with 
day students. 

There also ha^ been criticism by 
Industry that men who pursue evening 
study reduce their effort for the em- 
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|)lo\cr. However, young people will 
^cidoni forego all pleasures of life and 
a long evening of entertainment is 
surely more detrimental to the ne\t 
iiif)rning’s performance than serious 
devotion to home assignments and 
study. It has been our experience that 
upon receiving advanced degrees, stu- 


dents usually find advancement or more 
responsible assignments in their com- 
jiany; there must, therefore, be some 
compensation to the employer in the 
advanced knowledge gained wdiich 
should make worthwhile encourage- 
ment of graduate study for its own 
sake. 



Discussion of Report on Present Day Salaries 
in Engineering Schools* 

Hy THORNDIKE SAVILLK 

Di’iin, Loile()( i)f hut/tnceniKf, Ac7t' Uini’cruty 


The writer was a member of the 
Executive Committee of the Adminis- 
trative Council wdiich authorized the 
investigation hy Dr. Jackson and his 
colleagues, the report which was com- 
pleted and presented at the June 1947 
Annual Meeting of the Society in Min- 
neapolis. When the matter was origi- 
nally under consideration, it seemed to 
he highly desirable to have the salary 
situation in engineering colleges re- 
appraised, particularly when it could 
he undertaken hy such an experienced 
person as Dr. Jackson, whose admirable 
report on ‘'Status and Trends in Engi- 
neering Education” in 1939 contained 
comparable statistics w^ith respect to 
engineering salaries. However, in 
view of circumstances which have de- 
veloped since the study was undertaken 
and completed, I am somewhat doubt- 
ful as to its real value at this time. 
On account of the general salary and 
wage situation in the United States 
which has developed during the past 
tw o years, and which was hardly antici- 
pated when the present report was be- 
gun. I am inclined to think it would 
have been wiser to have deferred the 
study for a year or more. 

♦ The ‘‘Report of the Committee on 
Present-Day Salaries of Members of In- 
structional Staffs of Engineering Schools” 
appeared in the September, 1947, issue of the 
Journal of Encinefmng Education. 


The statistics presented by Dr. 
Jackson in this report are certainly of 
current interest, but there is grave 
question in my mind as to how accurate 
they are at present, nearly a year aftei 
the statistics were compiled. During 
this year there has been a substantial 
general increase in engineering college 
salaries throughout the country. While 
this doubtless has not kept pace with 
increases in salaries of engineers of 
comparable attainments otherwise em- 
ployed, nonetheless certain of the data 
in this report may be invalidated as of 
current applicability . I suspect that 
engineering college salaries are catch- 
ing up with salaries on the outside, al- 
though they will never catch up fully, 
and it is questionable in my mind 
whether on the average this is neces- 
sary or desirable for reasons which I 
shall state. 

Dr. Jackson refers to the increasing 
amount of service w^hich engineering 
teachers render outside of the academic 
year, in connection with summer teach- 
ing and sponsored research, as well as 
work with industry and consulting serv- 
ices. He did not comment on the 
amounts of income thus received, and 
no information of this sort was gath- 
ered on the questionnaires. I think that 
a very large numbej^ of our engineering 
college teachers do receive such addi- 
tional compensation, or at any event 
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lia\e an opportunity to receive it, and 
(hat it represents a very substantial fac- 
tor in any comparison of the annual 
lonipensation of engineering^ teachers 
with those of practicing engineers out- 
side of the institution. I see no reason 
to compare the annual salary received 
1)\ a man in an engineering college for 
working 9 to 9^/^ months with that of 
.111 engineer practicing his profession 
outside who receives an income for 11 
or 1114 months work. The college 
teacher also has vacation periods within 
tlie college year which are substantial, 
including the Christmas and Easter 
holidays, and time during examination 
periods and between terms. Further- 
more the matter of tenure and security 
should not be overlooked, as providing 
additional attractions to the engineer 
m teaching, 'riie conditions of work 
.ire by no means comparable, and there- 
lore the salaries should not l^e com- 
paied without explanation. I think 
there has been too mucli of a tendenc}* 
to overlook these factors in the Jack- 
son report and in certain other reports 
which have recently come out dealing 
wdth engineering college salaries. 

Dr. Jackson has recognized this situ- 
ation, and suggests that information 
should be developed on (a) institu- 
tional policy for payment of supple- 
mentary compensation and (b) on pro- 
cedures for paying staff members who 
work on contract research for industry 
or government. I thoroughly agree 
that such information should be col- 
lected and analyzed. I think that the 
ASEE might well conduct a survey 
on these practices just as it has done 
with respect to the base salary situ- 
J’tion in the past. We will then have 
comparable figures with respect to our 
own profession to compare with those 
for ail professions or other specified 
professions. 


I should hope that perhaps by an- 
other year the Association may find it 
desirable to have Dr. Jackson's data 
reanalyzed and reinforced by additional 
information of the sort mentioned 
above. In fact, on account of the 
probable greater stabilization of engi- 
neering college salaries beginning Sep- 
tember 1, 194^, I should like to recom- 
mend that in spite of the short time 
elapsing between reports, we have a 
resurvey made of the whole salary situ- 
ation at that time. 

Such a study might well include the 
following specific factors which have a 
bearing upon the annual income of 
engineering college teachers : 

fa) Base salary, stating number of 
months service required. 

(b) Required teaching load in class 
hours per week. 

(c) Class-hour equivalent of labora- 
tory and design hours. 

(d) Number of full time staff in each 
grade. 

(e) Total and average amount paid 
to each group finstructo -, as- 
sistant professor, etc.) for (1) 
teaching outside of period cov- 
ered by base salary, and (2) 
work on contract research. 

(f) Institutional regulations govern- 
ing work performed under (e) 
above. 

(g) Institutional regulations govern- 
ing allowance for time on funda- 
mental un spoil sored research. 

(h) Institutional regulations govern- 
ing private consulting work, 
(a) during period covered by 
base salary, and (b) during 
other periods. 

I do not pretend to say that engi- 
neering college teachers salaries are 
too low or too high, or that they are 
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satisfactory. I believe that they should 
he raised on the average. On the other 
hand, I do not think we should make 
specific claims of underpayment hy 
quoting salaries publicly which in the 
first case are based on 9 or 9^/^ months 
employment, and in the second place 
do not include substantial supplement- 
ary income from various sources. Gen- 
erally speaking, salaried engineers of 
comparable abilities in outside profes- 
sional practice do not have opportuni- 
ties for such supplements to their regu- 
lar salaries. 

Dr. Jackson seems to feel that “if 
the average salaries at every engineer- 
ing school approached the values (»f 
Chart 11 of mediums of average salaries 
(for the ten highest paying schools) 
a much larger ])roportion of young en- 
gineering graduates would be attracted 
hy the j^ossihilities of the teaching ])ro- 
fession.” However, we must recognize 
that salaries of all professional employ- 
ees are generally governed hy competi- 
tion and the general salary ranges in a 
given geographical area. Certain areas 
of the country will always reflect higher 
cost of living by greater compensation 
than will other areas, and I see no rea- 
son in ethics or economics for altemj)t- 
ing to have a uniform scale of pay in 
our engineering schools throughout the 
entire United States. 

The geographical differences in sala- 
ries paid in 1946 follows the same ])at- 
tern as in previous re\X)rtb. This is 
natural, and I think indicates possibly 
two factors. The first is that we should 
not compare average salaries through- 
out the United States, and the second is 
that salaries in certain geographical re- 
gions ought to be increased. I suspect 
(without statistical proof) that the low 
paying regions are unduly low, whereas 
the high paying regions are about right. 
It is indeed possible that some of the 


institutions in the high paying regions 
may he paying unduly high salaries at 
present, .since for a year or two the de- 
mand has been exceediygly great, and 
the supi)ly scarce, and some of these 
institutions have been able to draw 
upon endowment and other funds pre- 
cluded to the publicly supported insti- 
tutions in the low paying parts of the 
country. 

Asa matter of fact, quite aside from 
geographical implications it is entirely 
conceivable that the desperate scramble 
and severe competition for personnel 
among engineering colleges during the 
past year or so* will have admirable re- 
sults in the future, in that salary scales 
may he pushed up in the course of the 
present year to a point where they will 
he quite attractive when the supply of 
engineers becomes greater, and the de- 
mand less acute. I suspect that salary 
scales for engineers generally will not 
increase substantially in the next few 
years, and that salary scales for engi- 
neering teachers will more nearly ap- 
proach a competitive status with those 
offered by industry and government 
for comparable personnel. Indeed I 
suspect that we are not far from this 
situation in many parts of the country 
today. 

May 1 suggest that in appraising the 
statistical data of this report, reference 
he made to the Engineers Joint Coun- 
cil report on “The Engineering Profes- 
sion in Transition” which contains an 
elaborate study of the salary situation 
of all engineers throughout the United 
States for 1946. The data are therefore 
comparable with those in the Jackson 
report. One may gain an impression 
from reading the E.J.C. report that on 
the average engineering college teachers 
salaries are not bajjly out of line with 
the averages paid for engineering serv- 
ices throughout the country. I do not 
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wish to take time to go into details, but 
f think a comparison of the data in the 
two reports will interest many in this 
.nidicnce. 

The report notes that the median of 
inaximiim salaries for the professorial 
»ionp is greater than for the depart- 
iiKMit heacls. It is stated this is because 
lliice of the ten highest pa}ing institu- 
tions do not have permanent rank of 
dc])artmcnt head Tt may also be due 
to the analytical ])rocess used bv Dr 
lack son in assuming that dej)artment 
(.h.urnien salaries are on a 12 month 
basis, whereas full jirofessor’s salaries 
aie on an academic vear basis. Should 
this he the case (and I am inclined to 
think It is not true on the average), 
the rate of compensation of the full 
j)r()fessor as compared with the depart- 
ment chairman is even greater Tf 
there is a real tendenev in this direction 
I should hope that wdiat I consider to 
he an exceedingly desirable arrange- 
ment was in effect at a number of iusti- 
tntions,* namely that the department 
liead was not necessarily the highest 
paid member of the department. I 
think the sooner we get away from the 
idea that the administrative officer of a 
dejiartmcnt must necessarily be the 
highest paid man in the department, 

I lie better off we wm‘11 be. More often 
than not w^e have to destroy a large part 
of the genius and scholarly attainments 
and production of our best teachers and * 
scholars in order to pay them a re- 
muneration which can only be effected 
by making them department chairmen, 
thereby swamping them with adminis- 
trative duties which are* burdensome 
and frequently distasteful. A good de- 
liartment head is certainly to be highly 
prized, and should receive relatively 
high compensation. However, I see 
no reason per se why he should receive 
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higher compensation than a noted 
teacher and .scholar. 

Finally, may I comment briefly upon 
the concluding remarks of Dr. Jackson. 
These consist in part of quotations 
from an article by Professor Sumner 
H Slichtcr of Harvard which was pub- 
lished in the Bulletin of the American 
Association of University Professors in 
the winter of 1946. It is stated in the 
Jackson report that Professor Slichter’s 
observations are based upon “a study 
of the returns from 88 colleges and uni- 
versities.” It think it might be w^ell to 
point out that the study by Dr. Slichter 
w^as based solely upon the minimum 
salary of full professors at the 88 in- 
stitutions involved. No other informa- 
tion was requested and no other infor- 
mation was given. Accordingly, analy- 
sis of the conclusions which are given 
in the report ought to bear this statis- 
tical fact very clearly in mind. 

Several of the comments at the end 
of Dr. Jackson’s report seem to me to be 
intended as conclusions, and indeed 
were originally reported as such, but 
actually have little to do w'ith the fac- 
tual material of the report itself. These 
comments deal with internal adminis- 
tration of engineering colleges and of 
universities in general Inasmuch as 
the report did not analyze the adminis- 
trative and budget making policies of 
the colleges under study, the remarks 
relating to these subjects would seem 
to me to be somewhat extraneous to 
the subject matter of the report. 

May I perhaps be permitted to an- 
tici])ate a little the remarks of the next 
speaker, especially as I am largely re- 
sponsible for his appearance here. 
When I w as asked to discuss the Jack- 
son report I stated that I would be glad 
to do so briefly, but that I thought con- 
structive suggestions relating to pro- 
cedures for the establishment of grades 



266 


PRESENT DAY ENGINEERING SCHOOL SALARIES 


and corFChponding salaries would be 
more to the point. I therefore sug- 
gested that Professor Lilly of Swarth- 
inore be asked to address the Adminis- 
trative Council for the reason that he 
has been making some very unique 
studies in connection with the Com- 
mittee on Salaries of the American So- 
ciety of Civil Engineers. His studies 
relate particularly to salaries in the 
engineering teaching profession, and 
while I have not agreed altogether with 
his tentative conclusions, I do feel that 
his method of attack is novel and stim- 
ulating. If it can be developed with the 
help of agencies such as the Administra- 
tive Council of ASEE so that it can be 
generally applicable throughout the 
country for establishing yardsticks for 
measuring the various factors which 
enter into salaries and ranks, I think 
we shall have taken a very substantial 
step forward. To my mind it is rather 


an Utopian idea at present, but tlu 
more I have seen Professor Lilly de- 
velop his thinking in this matter, the 
more I have felt that ultimately he maj 
produce an exceedingly useful method 
of analysis, which if properly used and 
interpreted may not only assist in the 
establishment of adequate salaries for 
engineering teachers, but will be of 
substantial assistance to engineering 
college administrators in establishing 
salary scales. If we can develop some 
procedure for discovering and reward- 
ing good teachers, as contrasted with 
the more readily apparent worth of re- 
search, we may be able to counteract a 
tendency which I believe is unfortun- 
ately too prevalent at present, wherebj 
many administrators are rewarding fac- 
ulty members for research and over- 
looking the equally or more important 
function of inspired teaching because it 
is more difficult to appraise. 



A Common Field of Graduate Research 
in Engineering’ 

By (). A. HOUGEN 

Professor of Chemical hiK/ineerim;, University of IVisconsin 


“In some fields of engineering prac- 
tice little or no premium is attached to 
graduate studies in advanced technical 
subjects. In the practices of mechani- 
cal design, construction, contracting, 
and plant operation it is generally con- 
ceded that the most suitable training, 
following the bachelor’s degree, is se- 
cured on the job under the guidance 
of expert engineers and through the 
{pressure of practical performance. 
After the bachelor’s degree the v^alue 
of practical experience in the foregoing 
fields more than offsets the possible 
gain secured by further technical stud- 
ies in college. There is a possible risk 
that too many years of academic train- 
ing may jeopardize the acquisition by 
the young engineer of confidence which 
can best be gained during the forma- 
tive years. Furthermore, in certain 
fields the University can ordinarily not 
afford the faculty nor supply the neces- 
sary motivation. The most successful 
engineers in these fields have .secured 
their advanced training under guid- 
ance of experts and under the pressure 
of the job and the necessity of .success- 
ful performance.” - 

* Presented at the Conference of Graduate 
Studies, A.S.E.E. Annual Meeting, Minne- 
apolis, June 18, 1947. 

2 Parts of this paper in quotations fiave 
been taken from the report of the Planning 
Committee of the College of Engineering, 
University of Wisconsin, June 5, 1947. 


On the other hand, in the fields of 
process design there has developed an 
urgent demand and need for engineers 
trained in graduate studies leading to 
the master’s and doctor’s degrees. 
The research and technology underly- 
ing modern process design call for 
the combined skills of every branch of 
engineering. T have designated this 
as a common field of engineering re- 
search, the topic of this paper. In 
process design the demand for ad- 
vanced training is as acute today as it 
was for undergraduate training thirty 
years ago. 

Meaning of Process Design 

By process design is meant the engi- 
neering research and planning that go 
into the development of a production 
or manufacturing operation. Process 
design is to be distinguished from me- 
chanical design. Mechanical design 
involves the design of the construc- 
tional details of equipment, machinery, 
and buildings. Process design deals 
with the selection and specification of 
process equipment, with plant-layout 
according to process flow charts, with 
establishing the proper size and shape 
of reactor vessels, and the most favor- 
able and economical conditions of op- 
erating each apparatus with respect to 
all variables. Process design is cen- 
tered about problems of rates of mass 
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and lieat -transfer and of chemical 
change. I'hese production rates are 
frequently classified under the two 
categories of unit operations and 
chemical kinetics. 

It may aj^pear to some that the field 
of process design is largely the concern 
of the chemical engineer. Where 
clicmical processes are involved this 
may be the case, hut further reflection 
will show that research problems in 
process design involve each major field 
of engineering and ])rovide a common 
field of engineering research. 

1'he practical objective of process 
research is to provide scientific data 
which will permit the rational design 
of a manufacturing process with the 
minimum time and e(iui])ment spent in 
pilot plant studies and to oj’ierate the 
final process under the most favorable 
and economical conditions with res])ect 
to all variables such as feed composi- 
tion, .space \elocities, recycling, heat 
and power re([Uirements, and tem[)era- 
ture gradients. The objective is to 
reduce the time and cxjiense of trans- 
lating a ])rocess from a small labora- 
tory scale to full size plant construc- 
tion. Frec[uently many years and 
hundreds of thousands of dollars are 
needed for this transition. Lack of 
knowledge of the ]:)rinciples of dimen- 
sional similitude is re.sponsible for 
many of the failures in attempting to 
translate laboratory experiments to 
plant scale operation. Scientific meth- 
ods of process design are as yet not 
widespread in industry. Tn the past 
chemical jilants were constructed from 
experience by trial and error methods ; 
today such plants are being constructed 
for stream-line production with bal- 
ance and proportion and with economy 
in space, materials and energy as the 
result of scientific research. The pe- 
troleum industry of today is in par- 


ticular characterized by its employment 
of scientific procedures in the design 
of equipment for compact and con- 
tinuous performance in the o])erations 
of heat transfer, fluid flow, distillation, 
and in the processes of hydrogenation, 
catalytic cracking, alkylation, and poly- 
merization. Particularly good ex- 
amples of modern rational design based 
upon process research are to be found 
in the ])roduction of high octane gaso- 
lines, the recovery of bromine and 
magnesium from sea water, the produc- 
tion of phosphoric acid, and the manu- 
facture of nylon and synthetic rubber. 

Trainin(; Required eor Process 
Destcn 

Tbe technical knowledge involved 
in process design includes material and 
energy balances, mass and heat trans- 
fer by convection, diffusion, and turbu- 
lence; tbe flow of fluids through 
granular beds, ])acked towers, and 
{)late columns ; the separation of ma- 
terials by distillation, extraction, filtra- 
tion ; the thermodynamics and ecjuili- 
bria of reacting systems, the behavior 
of catalysts and the kinetics of all 
types of chemical reactions. The.se are 
the factors that determine the size, 
feasibility, and conditions of economi- 
cal operation. In process design are 
also included the selection of materials 
of construction and problems in instru- 
mental record and control of tempera- 
ture, pressure, flow rates, liquid levels, 
feed ratios, and composition. The 
technical skills required in process de- 
sign involve a comprehensive training 
in mechanics, machine design, elec- 
tricity, thermodynamics, materials of 
construction, hydrodynamics, chem- 
istry, physics, and mathematics. 

“With the growing complexity of 
industry, with the greater ingenuity re- 
quired in the processing of our dimin- 
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ishing mineral resources; with the 
advancing production of synthetic ma- 
terials, plastics, and elastimers; with 
the new cleveIo])ments in instrumental 
lontrol and analysis; with the new 
era of electronics, catalytic processing, 
and atomic fission, the need for broader 
fundamental training becomes increas- 
ingly greater. In this complex .scien- 
tific age research engineers are required 
to have some familiarity with many 
advanced subjects, such as electronics, 
vibrations, elasticity, advanced hydro- 
(lynamics, cbemical kinetics, chemi- 
cal thermodynamics, atomic structure, 
physical chemistry, and nuclear physics. 
In branches of process engineering 
dealing with the food, pharmaceutical, 
leather, and fermentation industries 
there is the additional demand for 
training of the engineer in biochemistry 
and bacteriology. A broad com])osite 
scientific training is often demanded in 
a single individual who is to undertake 
direction of research, develoiMUcnt, and 
design in modern process industries.'’ 

“It is evident that research in proc- 
ess de.sign calls for training in advanced 
fields of science which can be obtained 
best in graduate .studies at a University 
rather than in practice. It is common 
experience that advanced studies in 
mathematics and the physical and 
chemical sciences are rarely acquired 
by individual studies removed from the 
pressure of daily class-room assign- 
ments." 

Common Problems in Process 
DeSTCiN 

It is evident that the research prob- 
lems in process development spread 
into all fields of engineering and call 
for cooperation among the diflferent de- 
partments of engineering. Researches 
in heat transmission are of common 


interest in chemical, mechanical, metal- 
lurgical, and electrical engineering. 
The hydraulic engineer may gain ideas 
from the researches conducted by 
others in the flow of fluids in distilla- 
tion columns, tower packings, and 
granular beds and with the greatest 
variety of gases and liquids. The op- 
erations of evaporation, condensation, 
humidification, and the processes of re- 
frigeration, combustion, and air con- 
ditioning are common to both chemical 
and mechanical engineers, 'fhe chemi- 
cal engineer has followed the mining 
engineer in studies and researches on 
mechanical separation, filtration, sedi- 
mentation, settling, flotation, and 
classification. The mechanical engi- 
neer is confronted with the most com- 
plicated kinetic problems in the per- 
formance of internal combustion 
engines; to date these ])r()blems have 
been too com|>lcx to benefit much from 
the researches in the kinetics of com- 
bu.stion, but the time for helpful col- 
laboration is at hand. Similarly, the 
design ])roblems of sewage treatment 
have been too complex to benefit much 
from bacteriology and organic chem- 
istry, but these fields will soon be 
drawn together in more helpful coop- 
eration. In problems of process design 
the selection of materials of construc- 
tion is involved with corresponding in- 
formation on strength of materials and 
resistance to creep and corrosion. In 
problems of process design instru- 
mental measurements and controls are 
required with all the research involved 
in developing suitable electric circuits 
and mechanical devices. Similarly, 
rapid and continuous methods are 
needed for the determination of chemi- 
cal composition by instrumental meth- 
ods using the mass spectograph, spec- 
trophotometer, refractometers, conduc- 
tivity meters, and other devices. 
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Need for GRAnrATi: Resfarcii 

I shall close this discussion with a 
plea for greater emphasis upon gradu- 
ate work and research in engineering. 
Today there is a shortage of 17,000 
Ph.D ’s in fields of physics, chemistry, 
and engineering Even though the 
greatest financial returns in engineer- 
ing have come through ]K)sitions of 
management and i)roduction, many 
young engineers are attracted by the 
opportunities for original and creative 
work in graduate studies and research 
and are peculiarly qualified for these 
activities. “If it were not for graduate 
instruction and research in out colleges 
and universities less advance in funda- 
mental principles and theory would be 
made and fewer new^ scientific princi- 
ples would be developed, progress in 
some directions of science would mark 
time. For its source of fundamental 
principles engineering has drawn 
largely upon the researches of advanced 
students in physics, mathematics, and 
chemistry. But even in the engineer- 
ing applications of these theories there 
would be little progress without addi- 
tional research and studies Textbooks 
and handbooks would not exist or 
would soon become obsolete if it were 
not for the pressure of advanced stud- 
ies and research. Engineering colleges 
with no graduate or research programs 
must lean upon others for jirofessional 
advancement. Without graduate work 
and research, courses become sterile 
and repetitious Engineering courses 
should be in a continuous state of flux 
with discard of that wdiich is obsolete 
and replacement with the new\ There 
is the danger that professors without 
research or consulting activities, or 
without contact with industry, research 
and graduate students soon become out 
of date. There are instances where 
theories long outdated are still being 


taught to the exclusion of modern the- 
ories. Without the stimulus of re- 
search and graduate studies, it is diffi- 
cult to keep pace with tly development 
of engineering principles. “ 

The benefits of graduate studies and 
research rapidly leaven and enrich the 
w'ork of undergraduate instruction, 
forcing out the old and bringing in the 
new. “The eflFectiveness of under- 
graduate instruction is usually deter- 
mined by the interest and capacity of 
the instinctor An instructor who 
himself lus not had experience in re- 
search and graduate studies is not well 
qualified to guide others in these direc- 
tions. The value of graduate work 
and research should be recognized in 
the appointment and qiiJilifications of 
the faculty.’* 

“In fundamental engineering re- 
search the engineering faculty should 
lead and not wait for industry to take 
the initiative. Industry looks to the 
university for enlightenment and guid- 
ance in the advancement of theory. 
Industrial leaders and engineers are 
too preoccupied with the problems of 
production and profit to keep in touch 
w'ith theoretical developments and do 
not recognize the value of theory until 
demonstrated in practice In the past, 
practical applications have followed the 
discovery of scientific theories often 
by hundreds of years. Today the gap 
between theoretical advances and prac- 
tical applications has become short. 
Indeed the curtailment of theoretical 
research during the war nearly closed 
this gap between the stage of scientific 
knowledge and its application. With 
the expansion of industrial research 
laboratories and increasing recognition 
of the value of research, the need be- 
comes even more a^ute for the colleges 
of engineering to engage in fundamental 
research and to train students in ad- 
vanced theories.” 



Education and Practical Training of Mechanical 
Engineers in the United States * 

By ROBERT E. DOHERTY 
President, Cnriieijie Institufe of Tei Ininlopv 


It gives me pleasure to bring to the 
Institution of Mechanical Engineers, 
on the occasion of its Centenary cele- 
bration, warm greetings from engi- 
neers and educators in the United 
States. I count it a great honor to 
j)articipate in the program and discuss 
with you the education and practical 
tiaining of mechanical engineers in m\ 
country. 

The route by which mechanical en 
gineers, during the past 75 years, have 
leached professional competence has 
of course undergone evolution from 
the beginning — slow on the whole, hut 
seeming now to he on the threshold 
of more rapid development involving 
some new directions. This evolution, 
as regards formal college education, 
lias been from a dominant empliasis 
upon practical training in the early 
days, toward greater emphasis upon 
the scientific foundation which under- 
lies mechanical engineering and upon 
the economic and management phases 
of engineering activity; and, as regards 
the process of acquiring practical ex- 
perience in industry, it has moved from 
ail unplanned program of on-the-job 
experience towards more purposeful 
‘schedules to this end. The new turn 
which this evolutionary movement is 

* Address delivered at the Centenary Cele- 
bration of the Institution of Mechanical Engi- 
neers, London, June, 1947. 


now taking involves not only further 
progress towards the ends I have just 
mentioned, hut also a fundamental re- 
vision of the concept of the engineer 
as a professional man, and therefore 
a corresponding revision of his edu- 
cational requirements. 

I shall discuss formal college educa- 
tion in the paper itself, and practical 
training in the Appendix. 

E'ditation 

Present status and trends in education 
may he understood better if, as it were, 
wc compare two points on the curve 
— say 25 years ago and now — and then 
examine carefully the slope at the sec- 
ond point. We shall compare these 
two points in terms of the require- 
ments for the B.S. degree in mechani- 
cal engineering, status of graduate 
work, growth of specialized curricula, 
influence of the profession, enroll- 
ments, technical institutes, etc. 

From the early programs established 
about 1870, formal education moved 
along the lines I have just drawn, the 
movement toward the basic sciences 
being especially marked after 1890. 
The appearance of the electrical engi- 
neering curriculum in the 1880’s, and 
later of chemical engineering — both of 
which had sprung from science cur- 
ricula — naturally influenced the evolu- 
tion of the mechanical engineering cur- 
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riculuni,’ which itself had sprung from 
more practical beginnings. At our first 
point, some 25 years ago, the repre- 
sentative four-year curriculum in me- 
chanical engineering, leading to the 
Bachelor’s degree, was, so far as sub- 
ject matters are concerned, roughly as 
indicated in the first column of 
Table 

TABLE I 

Representative Requirements for the 
B.S. Degree in Mechanical Engineering 

Required Semester hours 


Subject 

1923 

19463 

Mathematics 

16 

16 

Physical science 

19 

23 

Humanistic-social 

13 

22 

Mechanical engineering 

53 

42 

Other engineering 

39 

30 

Miscellaneous 

10 

4 

Total 

150 

137 


(Totals do not include military — and physical 
training) 


The second point on the curve is indi- 
cated by the 1946 column. Comparing 
these columns, we find, first of all, a 

1 Wickenden Report, S.P.E.E. Investiga- 
tion of Engineering Education, 1923-29, 
averages from data on pp. 482-484. 

2 Averages based on data from catalogues 
of the following institutions : Cornell Univer- 
sity, Massachusetts Institute of Technology, 
Pennsylvania State College, California Insti- 
tute of Technology, University of Illinois, 
Carnegie Institute of Technology, Lehigh 
University, Illinois Institute of Technology. 
All of these except California Institute and 
Illinois Institute are represented in first col- 
umns. Mathematics: at least through inte- 
gral calculus. Physical science : at least ele- 
mentary physics and chemistry. Humanistic- 
social: principally English and economics, 
but also such subjects as history, foreign 
language, business law. Mechanical engineer- 
ing: subjects given by mechanical engineer- 
ing department. Other engineering: subjects 
such as electrical engineering, mechanics, 
engineering drawing, etc. Semester-hour; 
one hour per week in class for one semester — 
a term of some 18 weeks. 


reduction in the over-all requirements 
As to the components, one finds no 
change in mathematics, a small increase 
in science, but a re(^uction in. engi- 
neering subjects to make room lioth 
for an increase in humanistic-social 
subjects and for the general reduction. 
Despite the former, the foreign langu- 
age requirement was reduced. The 
amount of shop work in the curriculum 
was decreased. 

Other educational trends between 
the first and second points are not 
explicit in Table I. In 1923 industrial 
management had become a recognized 
area in the field of mechanical engi- 
neering. By then 17 engineering 
schools — roughly 12 per cent of the 
total — had established special curricula 
in this area. The trend continued dur- 
ing the next 25 years, so that now 29 
schools ® have such curricula approved 
— or, as we say, accredited — by the 
Engineers’ Council for Professional 
Development.* 

There has also been a trend toward 
a multiplicity of specialized curricula 
and courses. The advances of science 
and the tremendous increase in the 
scope of its industrial applications 
have of course brought newly defined 
specialized industrial fields. These 
changes have been reflected both in the 
organization of the profession and in 
education. Mechanical engineering 
has not escaped. For example, in the 
profession ® there are now separate 

Engineers' Council for Professional De- 
velopment Report, 1945, p. 25. 

^ A conference, created in 1932, of 3 repre- 
sentatives each of six engineering societies 
(including the Engineering Institute of Can- 
ada), the engineering educators (S.P.E.E.), 
and the National Council of State Boards of 
Engineering Examiners. 

® C. E. Davies, Ofganizations of Engineers 
in United States, International Technical 
Congress, 1946, p. 5. 
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f)rganizations in the following fields: 
heating and ventilating, automotive, 
aeronautical, refrigeration, agricultural. 
In education, these and other related 
fields are represented in special cur- 
ricula.® And the number of special- 
ized individual courses is almost be- 
}ond count. 

Another significant change has l)een 
the great increase in graduate work. 
In the early 1920’s fewer than 100 ad- 
vanced degrees were conferred annu- 
ally in all branches of engineering, and 
jiractically all of these were the Mas- 
ter’s degree. In 1940 there were 1329 
Masters’ degrees and 108 Doctors’ de- 
grees, of which 170 Masters’ and 7 
Doctors’ were in mechanical engineer- 
ing. In 1946 there were 1036 Mas- 
ters’ degrees and 82 Doctors’, of which 
178 Masters’ and 10 Doctors’ were in 
mechanical engineering. 

Professional influence has of course 
also been felt. The Society for the 
Promotion of Engineering Education ^ 
has been most influential in bringing 
about a clear formulation of purpose 
and in encouraging engineering teach- 
ers to adopt it, as indicated later. One 
of the primary functions of the Engi- 
neer’s Council for Professional De- 
velopment is to accredit curricula in 
engineering. In the 1920’s there were 
some 150 colleges offering curricula 
in engineering. In spite of the great 
increase in students, the number of 
such colleges has not increased, and 
only 133 of them have accredited cur- 
ricula. Another result is the definite 
restraint by this Council upon the con- 
tinued multiplication of specialized 
curricula. The American Society of 

•Annual Report, Engineers* Council for 
Professional Development, List of Accredited 
Curricula, 1945, p. 23. 

^ Now the American Society for Engineer- 
ing Education. 


Mechanical Engineers has also been 
influential by bringing practicing engi- 
neers and college teachers together in 
conference. State laws require that 
practicing engineers be registered. 
Qualifications for registration are rep- 
resented in E.C.P.D.’s programs.® 
And, of course, the increasingly ex- 
acting professional requirements of in- 
dustry have had their effect. 

There has been a growing tendency, 
especially in view of experience in 
training technical personnel during 
the late War, to recognize the im- 
portant role which technical institutes 
— roughly similar to the local technical 
institutions in England — should play 
in the whole scheme of technological 
education. In order to assure a better 
balance between the roles of the engi- 
neering college and the technical 
institute, the E.C.P.D. has now under- 
taken the accrediting of these insti- 
tutes.® Also, an increasing number of 
junior colleges have offered elementary 
courses in engineering. 

Another strong trend has been the 
increasing percentage of practicing 
mechanical engineers who are college 
graduates. It is estimated that 80 per 
cent of the present membership of 
A.S.M.E. are graduates, and 97 per 
cent of the new members. 

And finally I mention the increase 
in enrollment. In 1922 there were 
56,649 enrolled in engineering colleges; 
in 1940 — the last prewar year — 
110,618, of whom 28,600 were in me- 
chanical engineering; and in 1946, an 
abnormal year, over 200,000, of whom 
some 43,000 are in mechanical engi- 
neering. Large numbers are tempora- 
rily appropriate, in order to offset the 

8 E.C.P.D. Annual Report, 1945, p. 31, 
Definition of an Engineer. 

8 Ibid., p. 14, Technical Institute Accredit- 
ing Program, H. P. Hammond. 
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deficit of new engineers due to the 
War. 

Having compared the two points on 
our curve, as regards formal education, 
we shall now examine the slope at the 
second point. What are the editca* 
tional trends now? 

I have said that great changes 
are now getting under way in all 
branches of formal engineering educa- 
tion. These are aimed at placing 
greater emphasis upon fundamentals 
that he at the center of scientific and 
engineering knowledge, and less upon 
the specialized information and “know- 
how” that lie at the periphery; and at 
recognizing social and civic responsi- 
bilities, and preparing the student for 
them, and thus for a worthy personal 
and professional life. The velocity of 
change is as yet low, hut the accelera- 
tion is high. 

The new philosophy of engineering 
education and the formulation of defi- 
nite objectives were stated in 1940 l)\ 
the S.P.E K and endorsed by the 
E.C.P.D. The objectives w^re re- 
viewed and reaffirmed by both organi- 
zations in 1944.^^ Although the new 
outlook had l>ecome focused in the 
earlier Report, it is, I think, fair to 
say that the recommendations were at 
first received by engineering faculties 
with only mild enthusiasm. The War, 
however, had its impact on educational 
thinking and brought a more gen- 
eral acceptance of the new outlook. 
Thus, with this added impetus and the 
sponsorship of these two professional 

“Report on Aims and Scope of Engi- 
neering Curricula,” S P E R. Proceedings, 
Vol. XLVII, pp. 555-566. 

“Engineering Education After the War,” 
S.P.E E. Proceedings, Vol. LI, pp. 589-614. 

^2 For further example of direction of 
thinking, see “Engineering and Human Af- 
fairs,” Princeton Bicentennial Conferences, 
October 2, 1946. 


bodies, in both of which mechanical 
engineers are represented, this new 
movement is under debate in every 
engineering faculty. Many of them 
have reached the stage of definite plan- 
ning, and new programs are in eflFect 
at some institutions. 

The central recommendations of the 
second S.P.E E. Report, looking to 
the implementation of the new pur- 
j)ose, are that “the attempt to make 
the undergraduate student proficient in 
sj)ecialized subdivisions of engineering 
])ractice must be abandoned in the in- 
terest of developing mastery of basic 
])rinciplcs” ; there be greater emphasis 
upon cultivation of creative ability ; the 
utmost care be exercised in the selec- 
tion and development of engineering 
faculties; graduate work of high qual- 
ity be expanded; instruction and re- 
search be developed as complementary 
and coordinate functions ; production 
management be included as a phase 
of engineering activity; the great ini 
])ortance of the role of technical insti- 
tutes in the scheme of technological 
education be recognized; in the divi- 
sion of the student's educational time, 
not less than 20 per cent be devoted to 
the humanistic-social studies ; these 
studies be planned so as to constitute 
“a unified, developing sequence ex- 
tending through the curriculum.” 

These recommendations created 
problems. The four-year curriculum is 
already crowded without room enough 
even for scientific and technological sub- 
jects. How then could the humanistic- 
social content be practically doubled? 
There are two schools of thought. One 
would lengthen the undergraduate cur- 
riculum to five years. The other would 
cut down specialized courses to make 
room and let thCi^student specialize on 
the job after graduation, or continue 
for one, two, or three years in graduate 
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work. Four institutions have recently 
adopted the five-year curriculum — Cor- 
nell, Ohio State, Minnesota, Louisville. 
A few have followed the other course. 
The rest are struggling with the prob- 
lem. It is a stubborn issue. 

Another is the related long-run vcr~ 
sus short-run issue. Should education 
]ireparc the engineering student for 
continuing professional growth or for 
immediate proficiency in engineering 
routines ? In other words, should more 
of his time be devoted to a nia.stery of 
fundamentals and less to sj)ecializcd 
study, or the other way around? The 
.S.P.E.E. Reports, endorsed by E.C. 
P.D., are clear on this point: ])repare 
for the long pull. But the pressure 
from small industries is opjwxsite. 
Most of the large manufacturing, hidus- 
tries, however, favor the S.P.E.E. 
proposal. 

Still another critical problem is the 
shortage of qualified teachers, and this 
problem is now aggravated, and others 
created, by the overwhelming student 
enrollments. Thus, engineering edu- 
cators in the United States have their 
hands full. 

May I now venture a personal view. 
The need of America — indeed of the 
world — goes far beyond mere technical 
requirements in engineering education. 
Especially in a democracy, and again 
in a complex technological age, the need 
of disciplined professional intellects 
that can recognize and cope with tlie 
great issues of our rapidly evolving 
civilization, transcends all other needs 
I know. And this need is pointed di- 
rectly at the engineering profession 
which, with the scientists,*^ has had in- 
creasingly great responsibility for the 
drastic changes in the human environ- 
ment and hence also for competence of 
its members to foresee and to deal with 
the social and economic consequences 


of their work. The solution of such 
social problems cannot be left wholly 
to other professions, as history shows ; 
it challenges the best that all of them 
can do. Engineers must do their part. 

It is the job of engineering education 
to prepare them to do so, and to this 
end, as well as for competence in the 
strictly engineering side of professional 
practice, I recommend the following 
two principles : 

1. The primary function of formal 
])rofessional education should be t(» 
equip the student to use in subsequent 
learning and in professional work, an 
understanding of the fundamental con- 
cepts, principles, techniques, and ways 
of thought of his profession in order 
that he may develop throughout life in 
analytical and creative power. 

2. Education for citizenship and good 
individual living should be an integral 
part of professional education and must 
not be .separated from it. Such educa- 
tion includes assisting the student to 
develop a philosophy of life and firm 
sen.se of social responsibility, and to 
acquire the basic knowledge and skill 
necessary to apply to present-day social 
problems, the realistic, incisive, and 
well-ordered thought that characterizes 
good ])rofessional thinking. 

Let me say that the formal education 
of mechanical — and all other — engi- 
neers in the United States is meeting 
the challenge of the times. It is late; 
there is a great lag between all profes- 
sional education, including engineering, 
and the needs of society. Social unrest, 
the stubborn issues between labor and 
management, and other dislocations 
that now bedevil us are clear evidence 
that this lag must be eliminated as soon 
as possible. The hope is that the inten- 
sive attention now being given to pro- 
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fessional education will close the gap 
before it is too late. 

In conclusion, I hope that 1 have left 
with you the clear impression that engi- 
neering education in America is in- 
formed with a new pur])()se — a new 
concept of the engineer as a profes- 
sional man — and is pressing ahead to 
accomplish that pur])ose; and tliat m 
practical training, industry is learning 
the value of a planned program of 
“internship” and an increasing number 
of companies are adopting it. And also 
let me say again that I am gratified at 
being privileged to participate in the 
Centenary celebration — all the mc^re so 
because such meetings tend to bring 
your country and mine still closer to- 
gether. 

Appendix — Practical Trmni nc* 

The following question was answered 
by ten manufacturing companies, repre- 
senting such industries as steel, alumi- 
num, automotive, electrical, aeronautical, 
machine, and fabrication : How does the 
college graduate who comes to the com- 
pany accjuire the practical training and 
experience necessary to become a me- 
chanical engineer? 

The replies indicate plans that, of 
course, differ from each other, but there 
are a few common elements In all, the 
college graduate must serve an “intern- 
ship” to acquire the necessary practical 
training. Most of them have definitely 
scheduled programs, and some have 
highly developed plans involving class 
work paralleling the shop or drafting 
room experience. Certainly the trend 
in large industry is toward a planned 
program. 

Another method is the “cooperative” 
plan between college and industry in 
which the student spends alternate pe- 
riods on the campus and in the plant. 

18 “Cooperative Education,” S,P.E,E. Pro- 
ceedings, Vol. LII, pp. 395-399, 1944. 


This plan is on the increase. In 1925 
there were 16 such plans; in 1941, 33 

The plans of practical training in in- 
dustry arc outlined in the following 
statements : ' 

Aluminum Company of America 

During the first few weeks following 
employment by Alcoa, the mechanical 
engineering graduate enters a planned 
training program starting with an orien- 
tation course. This includes discussions 
of the company’s history and back- 
ground, of its products, of the relation- 
ship between the line and staff engineer- 
ing departments, and of the general 
functions of the operating, metallurgical, 
engineering, and administrative depart- 
ments. During this period he may be 
assigned to various staff departments 
such as production planning, metallurgy, 
and industrial engineering, or to some 
operating department (sheet, extrusions, 
etc.) where he can observe these activi- 
ties “firsthand.” 

Following this orientation period he 
assigned to a senior engineer under 
whose guidance he first performs a wide 
variety of relatively simple jobs before 
taking part in general plant mechanical 
problems. His work on these general 
plant mechanical problems serves as an 
indication of his capabilities and future 
possibilities. 

Finally, under the guidance of a senior 
engineer, the engineering graduate is as- 
signed to specific engineering problems, 
where he learns the practical application 
of engineering to specific operating 
problems, and is then on his way to- 
wards becoming a full-fledged mechani- 
cal engineer. 

Rlazi'-kuox Company (Machinery and 
Steel Products) 

This company’s flexible plan permits 
each division to develop its own program 
of practical training. 

In the foundry* and machine division, 
for example, the young engineer re- 
ceives his training in three periods. 
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Firbt, he learns the product by checking 
drawings and later detailing equipment 
under close supervision by an experi- 
enced engineer. He spends increasingly 
more time in the shop, observing and 
checking the assembly of equipment he 
lias helped to engineer. The second pc- 
iiod is outside. Accompanying an ex* 
perienced engineer, he observes the ac- 
tual operation of equipment in the field 
and talks with the men who operate it. 
thus learning their constructive criti- 
cisms. In the third period he assists in 
smaller installations and the initial opera- 
tion of equipment. Thus, after several 
\ears, he becomes useful in creating new 
designs and is placed on larger and more 
complicated eciuipmcnt. 

In another division (steel fabrication) 
success has been found along different 
lines. Jn contrast with the old .method 
of placing the graduate engineer at the 
bottom, /.e., tracing and detailing in 
order to teach him the company products 
and the application of his college train- 
ing to practical engineering, we have 
proved that, if charged with some re- 
sponsibility of design, under high-grade 
supervision, he can do productive work 
of a much higher degree during this 
training period. 

Therefore, the young engineer re- 
ceives regular engineering design assign- 
ments in which he meets practice, and 
learns the engineering principles and 
formulae which fit the problem at hand. 
Regularly scheduled trips to the shops 
familiarize him with the various ma- 
chines and processes and their functions. 
He also may learn some “tricks of the 
trade'* from the shop men, so that these 
^hop trips are “education from observa- 
tion." 

Our policy of providing an oppor- 
tunity for the young engineer to see the 
results of his efforts is one of the most 
important phases of his training. When 
a machine or structure on which he has 
done design work is completed, he has a 
chance to see it in operation or erected. 


Bocimf Airrrajt Coinfxtny 

In the Boeing Aircraft Company, 
practical training for many engineers 
begins on the drafting board. Indeed 
this should be the first step for all young 
engineers — it is the principal means by 
which any engineer puts his ideas into 
concrete form. Whereas the young engi- 
neer may spend most of his time on the 
drafting board, as he goes up the scale 
his work generally becomes less and less 
design and more and more supervision. 
However, moving up the scale on the 
side of supervision requires an increas- 
ing understanding of human relation- 
ships, based on practical experience and 
on study. In developing an engineer, it 
is essential that the man not be forgotten. 
An understanding of the relationship 
between design and production is impor- 
tant in training good designers. An 
understanding of the problem of the 
shop man expedites more workable de- 
sign and more economical production. 
This practical training and practical un- 
derstanding are achieved by the young 
engineer through close and continuing 
contacts with the factory operations 
which are involved in producing the 
parts he designs, and in dealing with men 
in the process. 

CaniC(/ir-flliuois Steel Corporation 

A mechanical engineering graduate 
receives training and the opportunity 
for education throughout his business 
connection with this company. In gen- 
eral, he secures this by graduated assign- 
ments in keeping with his ability, by 
observation and analysis of the various 
processes and mechanical equipment, and 
by assimilating the experience of spe- 
cialized engineers. 

To expedite the process this company 
has set up indoctrination schedules for 
the young graduate in the majority of 
our plants and departments. This sched- 
ule usually involves intra- and inter- 
departmental training, to provide an un- 
derstanding of the work performed in 
each department aftd its relation to the 
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whole. Minor odd jobs aic assifjncd the 
trainee in each group responsibility. 
After a year or two of apprenticeship 
training the young engineer usually de- 
velops a particular aptitude, and he is 
given a more permanent assignment. 
His career is carefully followed, and an 
effort made by management to move him 
laterally or vertically, as the opportunity 
presents, to enhance his training. 

His early training includes regularly 
scheduled group discussions and confer- 
ences. Educational courses given by 
competent company engineers enable the 
young, as well as mature, engineers to 
receive special knowledge concerning 
engineering design of various plant 
facilities ; engineering sales and forecast ; 
technological development and research ; 
the business of engineering, traffic, and 
transportation ; metallurgical and meth- 
ods engineering. Many of these courses 
are conducted in affiliation with col- 
leges in a program leading to an ad- 
vanced degree. Such courses provide 
the opportunity to discuss, face to face 
with our leading engineers, problems 
inherent in our industry; to meet asso- 
ciates, key men, and executives of the 
plant and general offices on common 
ground ; and to acquire a broad perspec- 
tive of the company’s business. 

Caterpillar Tractor Company (Diesel 
engines, tractors, motor graders, 
earth moving equipment) 

This company has a highly organized 
training program. There are two plans. 
One is the cooperative program with 
engineering colleges, and the other is a 
one-year orientation program for men 
who already hold a Bachelor of Science 
degree. 

The cooperative course is conducted 
in conjunction with either the Illinois 
Institute of Technology or Northwestern 
University. The undergraduate spends 
alternate periods of three to four months 
in college and in the plant. The trainee 
learns to operate production machine 
tools, is assigned a variety of work in the 


Heat Treat, Foundry, Welding, and 
Product Assembly Departments. After 
five years, he receives his Bachelor of 
Science degree m engineering from the 
university and is ready' for responsible 
work. 

For the company’s college graduate 
orientation j)rogram, college graduates 
of superior ability are selected. The 
shop schedule includes work on assembly 
lines aiKl the proving grounds to become 
acquainted vcith the company’s products, 
work assignments in engineering design 
and research to learn how new products 
are developed, and varied experience in 
the Heat Treat and Foundry Depart- 
ments to bccojne familiar wdth manu- 
facturing procedures. 

Class meetings are held weekly on 
company time. The trainee attends tech- 
nical lectures and conferences and pre- 
pares special reports. 

Upon successful completion of this 
training schedule, the trainee is placed 
in one of the departments of the com- 
pany. If further training is required, 
arrangements are made by the depart- 
ment in which the trainee is placed. 

luff'd Motor Company 

Last year, the Ford Motor Company 
hired approximately fifty graduate engi- 
neers. The one-year training program 
started with a two-week tour of the 
Rouge Plant area, under the guidance of 
the Safety Department. This offered an 
opportunity to become familiar with the 
various buildings and the phase of manu- 
facturing accomplished in each. Then 
the men spent a period of time in every 
phase of manufacture of the automobile, 
from the blast furnace and steel mills 
through the final assembly line. The 
training in these departments consisted 
of actual work side by side with produc- 
tion workers, as well as discussions about 
operations and procedures with super- 
visors and training representatives. At 
the end of each period, the student engi- 
neer was requiredMo write a comprehen- 
sive report of that phase of manufactur- 
ing. 
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In addition, the men spent time in the 
various service functions connected with 
ilie manufacture of automobiles — such 
as time and motion study, electrical 
maintenance and repair, process cnj^i- 

iieering, powerhouse, and the Dearborn 

(^jisineerini^ Laboratories where our 
testing, development, and research acti\ i- 
ties are performed. 

Upon completion of the training, 

(Ijcsc men were placed throughout the 
\arious departments of the company. 

We have learned that this training has 
beiietiled them greatly in successfully 
performing their first job assignments. 
We do not feel that this program alone 
liains a man to be a (jualified mechanical 
rngineer. TTowever, his education, a year 
of training, actual job assignment, and 
continued study in his chosen field of spe- 
cialization should contribute to the at- 
tainment of his goal. 

General Electric ConilHiny 

The general plan for practical tiain- 
ing of college graduates includes iwo 
>leps : a year or so in the tactory, testing 
manufactured apparatus; and then prac- 
tical experience in an engineering de- 
partment. These steps arc paralleled by 
numerous special progiams for special 
groups. 

During the lirst step the trainees have 
successive three months’ assignments in 
different manufacturing sections ; in each 
they first lielp with, then have full re- 
sponsibility for, the tests. They also 
act as engineering inspectors. After 
each assignment they are rated on ability 
and personal qualities. 

The second step is in the engineering 
departments, where the foremost re- 
f|uiremcnt is that the young engineers 
be placed on interesting and important 
work and be supervised by a good leader. 
They must realize that this work is 
being carefully watched and recognized; 
have opportunity to learn about the 
whole job, not merely a specialized part; 
be given as much responsibility as pos- 
sible; and see an outlet for future 
advancement. 


The plan is designed to meet tliese 
requirements. As examples, merit rat- 
ings, on which .salary is based, are made 
on performance in their assignments, 
which include all phases of design and 
manufacture. Also, in a special course 
conducted by the men themselves, they 
learn from each other the work of the 
whole division. 

An example of special programs is 
the Creative Engineering Program, 
planned to discover and develop creative 
ability. Some thirty young men arc 
selected each >ear through personal in- 
terviews. Hobbies, knowleflgc of engi- 
neering fundamentals, curiosity about 
design, ability to recall and make use of 
experience arc considered. 

The program includes class work to 
stimulate creative interest, together with 
engineering assignments under supervi- 
sion of experienced creative engineers. 

Mcsia Maihine Company (Special 
eqiiij)incnl for the steel — and non- 
fern Jiis indii.stries) 

Normally, wc carefully select each 
year for training six or eight engineer- 
ing graduates. Hiey are first [daced on 
assembly w^ork for a period of at least 
one and one-half years, under the guid- 
ance of our Apprentice Training In- 
.structor, where they become familiar 
with the machinery we produce and gain 
practical cxi)erience from testing. 

This first assignment serves also as a 
selective process. At the end the group 
is divided according to ability and in- 
terests. Some are placed in shop work, 
with the opportunity to become general 
foremen and supervisors; some in sales 
and engineering departments; and some 
in the engineering department. 

Here they are classed as engineering 
apprentices. In addition to practical 
training on the drafting board, they are 
assigned, when possii)le, to outside in- 
stallation work or to be observers where 
trouble may develop in the operation of 
mill equipment. 
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After three years they arc g^iven the 
rating of Junior Engineers. Their work 
and compensation depends subsequently 
entirely upon their initiative and ability. 

These young men are making good as 
foremen and other supervisors, and as 
engineers, and tliey agree that the com- 
pensation and piactical experience gained 
during the tiaming liave been quite 
satisfactor\ 

\inlli .Ilium nil .Iviutioii, I in 

Because of an increasing flow of ex- 
perienced personnel during the last year, 
our present preliminary training for new 
engineers, including college graduates, 
consists of an orientation course only. 
This comprises ,i study of plant organi- 
zation, stiucture, flow, techniques, and 
other fundamentals which enable the in- 
coming employee to flt into the organiza- 
tion more quickl> The study of actual 
problems, lectures, and motion pictures 
illustrating shop methods and processes, 
are included for engineering draftsmen 

After original orientation, turthei 
training is gained by experience Grad- 
uates are given ample opportunity for 
contact with manufacturing departments 
and for expanding their knowledge of 
plant methods and jnocedure Under 
careful supervision, more responsible as- 
signments, planned to broaden their tech- 
nical knowdedge, are made as rapidly as 
feasible. Under this system the majority 
of our engineering gradufites progress 
steadily. 

However, we have found that most 
engineering graduates are not sufticiently 
well-grounded in the fundamentals of 
our work, and we believe that, in the 
future, industry will expect the graduate 
to be better equipped with practical 
training before hire. Further use of 
cooperative systems, planned vacation 
work in industry, and more required 
practical courses would aid substantially 
in successful placement. Such prepara- 
tion, which makes the graduate more 
immediately productive and reduces train- 
ing time, is becoming an increasingly 
important consideration in employee se- 
lection. 


W cstinyhousc Electric Corporation 

All young mechanical engineering 
graduates take the Graduate Student 
Training Course consisting of the fol- 
lowing : ' 

1. Orientation — one week. 

2. Several six- to eight-week basic 
work assignments in Westinghouse plants 
such as the Aviation Gas Turbine, Steam, 
Stoker, and Air-Conditioning divisions 
There the engineer works in production 
inspection, and test departments, gain- 
ing a picture of the steps involved in the 
building and testing of equipment. 

3. Eight 40-hour weeks of class work 
m fundamentals of Westinghouse engi- 
neering design eand application Confer 
ence leaders for each major type of ap- 
paratus under consideration arc special- 
ists in the design and application of that 
apparatus in their respective fields. 

4. Men segregated to engineering de- 
partment work then attend the Engineer- 
ing Principles and Procedure School for 
two weeks The subjects covered in- 
clude the Functions of an Engineer in a 
Division, Westinghouse Drawing Sys- 
tem, Manufacturing Information, Pat- 
ents, Westinghouse Research Department. 
Technical Article Writing, Engineering 
Report Writing, Engineering Technical 
Societies, and Application Engineering. 

5. A group of these men, selected by 
competitive examinations, attend the 
Westinghouse Mechanical Design School 
for a period of thirteen weeks. The 
subjects covered include Applied Mathe- 
matics, Theory of Elasticity and Strength 
of Materials, Dynamics and Vibrations, 
Fluid Mechanics, Thermodynamics and 
Heat Transfer. The young man is then 
given several six- to eight-week assign- 
ments in engineering departments lead- 
ing to final placement. 

Further opportunity for advanced 
technical training is afforded through 
the Westinghouse Graduate Study Pro- 
gram, offered in cooperation with several 
leading universities! Through this pro- 
gram, technical men at key Westing- 
house locations may take evening engi- 
neering courses leading to Master's and 
Doctor's degrees. 



Administrative Policies and Objectives of 
Research in Engineering Colleges* 

By FREDERICK E TERMAN 
Dean of Enqinunnu, Stanford Univcr^it\ 


Research of the sponsored type, such 
as now available, presents a challenging 
«)]iportunity for schools of engineering 
to advance the professional status of 
tlic engineer and of engineering. The 
opportunity lies in integrating such re- 
search properly into the teaching and 
training activities of a university, so 
that it becomes academic researcli 

The objectives of academic research 
should be: 

(1) The development of the highest 
type of trained men. In this connec- 
tion one takes note of the fact that in 
the current shortage of scientifically 
trained personnel, nowhere is the short- 
age as severe as in the category of 
cnginccr-scicntist . 

(2) The further training of men al- 
ready on teaching staffs. This apjdies 
to young men having real promise, but 
whose formal academic training is in- 
adequate to enable them to realize their 
full possibilities as outstanding teach- 
ers and leaders in academic activities. 
This is of crucial importance because 
it is obviously impossible to train men 
in any substantial numbers to a level 
higher than represented by the training 
and knowledge of the teachers. 

(3) Keeping faculty members inter- 
ested in current progress, i.e., prevent- 
ing them from going to seed. 

♦ Presented at the 54th Annual Meeting, 
A.S.E.E., Minneapolis, Minn., June 18-21, 
1947. 


(4) The advancement of engineering 
as a science and the raising of the 
professional status of the engineer 
'I'his point is elaborated upon below. 

(5) The advancement of knowledge 
This is placed last because it is an 
objective by definition, i.c., if it is re- 
search it is advancement of knoioledcje. 
In this connection it is to be noted that 
not all that goes by the name of re- 
search is advancement of knowledge. 

Returning to Item (4), if the situ- 
ation is realistically faced, we must 
agree that the present ])osition of engi- 
neering in academic circles leaves 
much to be desired, particularly in 
schools having strong departments of 
natural sciences. Under such condi- 
tions engineering tends to be looked 
down uj)on as a necessary hut not one 
of the higher activities. To use a 
mixed metaphor, among the sciences 
the social standing of the engineer is 
low. 

Unfortunately, there is considerable 
justification for this situation, particu- 
larly in civil, electrical, and mechanical 
engineering, even though the situation 
is now rapidly improving. The length 
and breadth of systematic formal train- 
ing, and the broad scholarly standards 
representing the minimum require- 
ments that teachers of engineering 
must meet, are on the average consid- 
erably less rigorous than those required 
for corresponding academic positions 
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in chemistry, ])hysics, mathematics, hi- 
ology, psychology, etc. In particular, 
although teachers of engineering are 
almost universally well grounded in the 
subject matter that they teach in under- 
(jraditatc courses, they are far too fre- 
(juently very inadequately trained in 
the fundamental science in wdiich this 
subject matter originates. Again, onh 
a very small percentage of the best 
engineering students, except those in 
chemical engineering, carry their stud- 
ies far enough beyond the bachelor’s 
degree to obtain a training comiiaiable 
in depth and breadth with that received 
by the more promising young jihy^i- 
cists, chemists, etc. 

A review of the engineering develop- 
ments of the war shows that the engi- 
neer failed in many wavs to measuie 
up to the needs associated with new 
fields of engineering activity. For ex- 
ample, in electronics the creative engi- 
neering that led to the remarkable ai- 
ray of new tubes, circuits, techniques, 
and systems that are the basis of the 
lircsent boom in electronics, and like- 
wise the establishment of the funda- 
mental principles of engineering design 
and engineering analysis associated 
with these developments, originated in 
large measure w itli physicists who tem- 
porarily turned to engineering and took 
over leader.ship in radio engineering. 

Perhaps this should not have been 
so, but an electrical engineer in the 
radio field could hardly have been ex- 
pected to exercise leadership in these 
new developments that so profoundly 
changed radio. The typical good 
young electrical engineer in radio work 
spent four years in college, and concen- 
trated a substantial part of his junior 
and senior years learning 60 cycle tech- 
niques and practices from professors 
who were not well versed in the more 
advanced mathematics and physics per- 


tinent to radio engineering Our young 
radio engineer normally had mathe- 
matics through ordinary differential 
equations, and had a few years of in- 
dustrial experience in association with 
other similarly trained engineers. In 
contrast, the well trained young physi- 
cist of the same age had devoted seven 
to eight years to formal college train- 
ing, knew mathematics through ad- 
vanced calculus and complex variables, 
understood the fundamentals of elec- 
tromagnetic theory which includes 60 
cycle techniques, radio waves, etc., as 
special cases, and had acquired a work- 
ing know'ledge of optics, gas discharge 
processes, mechanics, thermodynamics, 
and the structure of the atom, all on a 
far more fundamental basis than the 
engineer’s knowledge. A man with 
this type of training pitted against a 
standard electrical engineer of the same 
age and equal mental ability naturally 
won out every time in ability to under- 
stand new concepts and to develop their 
possibilities. Of course the physicist 
did not know engineering practice to 
start with, but he picked up what he 
needed to know very rapidly, whereas 
the engineer could not with equal ease 
acquire the basic .scientific fundamentals 
that he lacked and needed so badly. 

The situation that has been outlined 
is neither necessary nor desirable. In 
many fields of engineering, for example 
engineering mechanics, thermodynam- 
ics, fluid mechanics, and electronics, 
much of the technical knowledge taught 
in universities is very close to the basic 
sciences on w’hich these fields rest. It 
is therefore desirable that the faculty 
members teaching these subjects, even 
in an elementary way, be thoroughly 
grounded in the related fundamental 
science, as well as in the application of 
this science to engineering problems. 
Perhaps the breadth of scholarship re- 
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(jiiired of an engineering professor 
should be even broader than that of 
the physicist, certainly it should not he 
less. 

It is also desirable that the ablest 
and more analytically minded young 
engineers, who in the future enter 
these fields of engineering either ns 
workers in industry or as teachers, be 
thoroughly grounded in the pure sci- 
ence that underlies their engineering 
interest. This implies that these men 
‘^hould devote more than four vears, 
and usually more than five years, to 
obtaining their training, and that in 
the more advanced stages of their train- 
ing they be brought in contact with 
inspiring engineering teachers who 
really know their science as well as 
their engineering. This does mil mean 
a fifth year added to the undergraduate 
program in order to crowd in still more 
undergraduate level work. Neitlier 
d(;es it mean three years of relatively 
undirected research beyond a bache- 
lor's degree. Rather it involves a co- 
ordinated program of research and nr- 
ganised instruction at the fifth, sixth 
and seventh year levels. 

It may be felt on the part of some 
that carrying a substantial nuniher of 
brighter men to these higher levels is 
a form of overtraining, in which men 
are equipped with knowledge that will 
not be used in most engineering work. 
I can see no more justification for this 
viewpoint than to argue that it is un- 
desirable for a high .school teacher of 
mathematics ever to have had analyti- 
cal geometry and calculus on the 
grounds that analytical-geometry and 
calculus are not taught ordinarily in 
high school. I cannot subscribe to the 
thesis that an engineer will be harmed 
by having been led to the top of the 
mountain and shown the whole field 
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of knowledge that relates to his engi- 
neering interests. 

Experience has shown that after 
leaving school men relatively seldom, 
and only with great difficulty, open up 
higher level fields of knowledge of ana- 
lytical types that they have not previ- 
ously been introduced to in school. In 
contrast, engineering practice is readily 
picked up on the job, often even with- 
out a college education. It therefore 
behooves us teachers to do everything 
possible to aid the more promising of 
our students to open as many doors 
as possible during the precious years 
that they are in school. We can never 
tell behind which door will lie the real 
opportunity for the individual. 

The i)resent time is unusually favor- 
able for developing these higher aspects 
of engineering education, and for build- 
ing up the scientific and professional 
position of the engineer both in aca- 
demic circles and in industry. There 
are now a large number of engineering 
students carrying on graduate work 
who are adequately financed as a result 
of G.I. benefits. There is today a 
large demand for men possessing ad- 
vanced training, in contrast with the 
pre-war situation when, for example, 
one of the very largest units of the elec- 
trical industry repeatedly stated that 
it prej erred to employ men without 
any advanced training — the idea being 
to catch them young and bring them 
up in the way of the company. An- 
other extremely favorable factor in the 
present picture is the large government 
sponsored research program now being 
carried on, in which the engineering 
schools of many universities are par- 
ticipating. As a result of these fac- 
tors, engineering schools are now in 
a position to carry on advanced instruc- 
tion and research at a higher level and 
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on a larger scale than ever before 
possible. 

The administrative policies of re- 
search should be those policies that are 
necessary to accomplish the objectives 
discussed above. The important thing 
in the administration of research is to 
have clearly defined and worthwhile 
aims which are never lost sight of. In 
the final analysis, details such as over- 
head rates, methods of paying project 
supervisors, handling of inventions, 
business procedures, etc., although nec- 
essary, are of secondary importance. 

In the administration of research we 
start with the fundamental fact that 
research is built around men, and that 
the most eflfective research programs 
are usually those carried on by "'teams'' 
involving an outstanding leader, often 
but not necessarily with one or two 
permanent or semi-permanent as.soci- 
ates. The remainder of the team com- 
monly consists of men who are in vari- 
ous stages of training. The research 
carried on by such a team is charac- 
terized by continuity involving a long- 
range program devoted to work on 
important and closely related problems. 
Effective basic research is not done by 
assigning problems to a staff member 
who happens to be free of commit- 
ments at the moment. 

Sponsored research such as now 
available provides an unequalled oppor- 
tunity for the establishment of effective 
research teams of the character de- 
scribed above. The financial assistance 
represented by sponsorship covers the 
cost of materials, provides the tech- 
nician assistance required for efficient 
operation, assists in financing the key 
members of the team, and provides 
financial assistance where required by 
student members of the team. 

One of the important values of an 
effective research team to an educa- 


tional institution is that it provides a 
means by which young faculty mem- 
bers of promise can make up for the 
deficiencies of their original scholastic 
training. This is done by attaching 
such men to a team for a period of 
time, without sacrifice in total income, 
and under arrangements whereby a 
substantial fraction of their working 
time goes into the research and into 
related studies of the fundamental sci- 
ence pertinent to the research. 

There are certain fundamental prin- 
ciples involved in the administration 
of research which must never be for- 
gotten. First, the key men in any re- 
search group or team must be able to 
work directly on the programs them- 
selves ; they are lost to research if they 
become simply desk administrators of 
a research program. 

Second, research requires leisure to 
think, f.r., freedom from pressure. No 
ordinary man, however, brilliant and 
creative, can do himself justice if he 
is teaching three courses, must concern 
himself with the problems of 75 stu- 
dents who look to him as an advisor, 
and then be expected to put in half 
time on research. Third, one must not 
spread out thinly, but rather should 
concentrate on strength. The desirable 
plan for a typical department to follow 
is to build its staff and facilities over 
a long-range period with an eye to 
creating strength in only one or two 
specialties. 

Finally, continuing vigilance is re- 
quired to prevent the research program 
from degenerating into something else. 
Many like to play with technical things, 
particularly when plenty of money is 
available, but only a few can spearhead 
a productive research program. It is 
almost as easy for “research” to de- 
generate into puttering as it is for 
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water to run downhill. These dangers 
can be largely avoided by carrying out 
research as part of a carefully planned 
program that is closely directed by 
leaders of broad background who have 
already demonstrated a capacity for 
productive research. Poor results can 
generally be expected when inexperi- 
enced young men, however bright, are 
assigned to a subject and then turned 
loose to carry on ‘‘research” without 
the benefit of experienced guidance or 
example. Such people may deserve an 
A for effort, but they achieve a C in 
preparation for life work. 

The successful realization of research 
objectives along the lines outlined will 
have a number of very important ef- 
fects on engineering. It will first pro- 
vide industry and government with a 
supply of highly trained men who will 
make a far more valuable contribution 
to the technological development of 
the country than these same men would 
make if limited to a standard four-year 
undergraduate training, or even a five- 
year training. It will also provide a 
pool of men from which universities 
can obtain staff members having the 
requisite scientific background and 
scholarly training required for leaders 
of new teams to keep the system grow- 
ing and expanding. Vision and hard 
work are required on the part of engi- 
neering administrators to take full ad- 
vantage of the present situation, and to 
use it to raise the engineering profes- 
sion to a level where one has a true 
engineering science adequate to meet 


the needs of the country. It will among 
other things require that those of us in 
the administrative end of engineering 
establish standards for the qualifica- 
tions and achievement for new staff 
members that are higher than we our- 
selves could possibly have met with the 
training, or rather lack of training, that 
we were able to obtain. 

We must also get the best engineers 
on the university staffs, instead of let- 
ting industry have them. This may 
increase university expenditures for 
engineering, and it may result in engi- 
neering teachers receiving a higher 
level of remuneration than teachers of 
subjects that need not attract their 
men in competition with industry. 
None of us should be concerned, how- 
ever, if engineering is able to achieve 
such a preferred position in an aca- 
demic organization. 

The war presented an opportunity 
for scientific achievement in engineer- 
ing which the engineers were not able 
to take full advantage of. The present 
postwar era provides an opportunity 
to retrieve this situation for the future. 
It is doubtful if there will ever be an- 
other equally good chance. The engi- 
neering profession should and must 
take full advantage of the present op- 
portunity. It is up to those directing 
the research activities in engineering 
schools to take the leadership that will 
lead to this result. It is in their power 
to make engineering a science of high 
degree, or they can let it become merely 
a vocation. 



The Scope of Engineering Researdi 

J]y L. VV. CHUBB 

Dircitur, H'cstiughouse Research Lahurato} u s 


This s>inposiuni on engineering re- 
search in college and industry should 
he very helpful in answering many 
questions regarding the supply, the de- 
sirable characteristics, and methods of 
seeking out and educating research 
personnel. 

There is an ever increasing number 
of research and development engineers 
needed in industry. The late war and 
the general trend for several years has 
taught us that the life span of market- 
able products is becoming shorter and 
that improved devices, materials, and 
methods of fabrication are constantly 
demanded to conserve our national re- 
.sources, off-set increasing labor costs, 
and supply better things at lower cost 
to a more discriminating public. This 
tendency has created sharper competi- 
tion, and a relatively greater proportion 
of research, invention, and development 
activity in the engineering fields. 

Industrial research is considered by 
some as one of our national resources 
and it is rapidly becoming almost an in- 
dustry in itself. Back in 1920 there 
were only approximately 297 com- 
panies that maintained industrial re- 
search laboratories. The number and 
size of these laboratories has since then 
grown continually until today there is 
almost an eight-fold increase in twenty- 
six years. Recent figures comparing 

♦ Presented at the December, 1946 meet- 
ing, Middle Atlantic Section, A.S.E.E. 


the magnitude of industrial researdi 
and the di.stribution of technical pei- 
sonnel will be of interest. These fig- 
ures cover only research in indnslry 
They do not include industrial research 
carried on in research foundations, at 
the universities, nor do they include 
government laboratories or the enor- 
mous research and development car- 
ried out by the Army, the Navy and 
other governmental institutions. 

In industry alone the total number 
of laboratory personnel is over 133,000. 
Of this, the professional personnel num 
bers to about 54,000 and additional non- 
professional but technical personnel 
numbers 34,000. The 54,000 profes- 
sional workers arc divided as follows : 


Chemists 21,095 

Biologists 1,659 

Engineers 20,637 

Doctors of Medicine 230 

Physicists 2,660 

Metallurgists 2,364 

Psychologists 22 

Geologists 81 

Other scientific professions (uncla.s- 
sified) 5,567 


It will be noted that chemists and 
engineers stand out far in advance and 
I believe it might be said that over 90 
per cent of all research in industry is 
really engineering research, or directed 
toward engineering application. In 
comparing these figjures of the National 
Research Council with similar figures 
for 1940, we find an increase of approx- 
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iniately 90 per cent in total personnel 
and an increase of about 45 per cent 
in professional personnel. 

The addition of research foundation 
activities, regional laboratories, com- 
mercial laboratories and government 
research, all of which are relatively new, 
would swell these figures enormoush 
and make a grand total of research 
activity several times that carried on 
]ust prior to the war. 

A word regarding the Army and 
Navy research seems pertinent in this 
discussion as their extensive programs 
must draw technical personnel from 
ihe men trained in the colleges. The 
government fiscal program for research 
and development of all kinds is $1,613,- 
000,000. Eighty-four per cent of this 
is for the Army and Navy. The Navy 
part is required for the Bureau of Ships, 
the Bureau of Ordnance, the Bureau 
of Aeronautics and the Office of Naval 
Research, formerly known as the Office 
of Research and Invention. The op- 
erating bureaus spend their funds mostly 
on engineering development of weap- 
ons, apparatus and structures of all 
kinds for Naval use. The O.N.R., on 
the other hand, contracts for research 
of a more or less fundamental or basic 
nature which may give useful informa- 
tion for future application. Certainly 
this will result in a great deal of new 
knowledge and incidentally train many 
research workers. 

The activities of O.N.R. started with 
an appropriation of $20,000,000, now 
raised to $45,000,000 and distributed 
roughly as follows: eleven million to 
naval laboratories, only seven million 
to industrial laboratoriesr and twenty- 
six million to university and college 
research. Forty per cent of this total 
is earmarked for nuclear physics, four- 
teen per cent for electronics, and the 
rest, forty-six per cent, for guided mis- 


siles, physics, chemistry, mathematics, 
and medicine. The total Navy program 
will require approximately eighty-one 
thousand research workers. 

There is no corresponding Army 
agency like the O.N.R. Their re- 
search is to be carried out as specific 
tasks administered by the technical 
service commands and the Manhattan 
District. 

For lx)th services, a four-man board 
consisting of Dr. Bush, formerly Direc- 
tor of O.S.R.D., Dr. Condon. Director 
of the National Bureau of Standards, 
Admiral Lee representing the Navy, 
and General Aurand representing the 
Army, will coordinate the activities and 
decide which get priorities of ecjui])- 
ment and trained men. It has been 
estimated that 45 per cent of all grad- 
uates coming from the colleges will be 
required for this work while govern- 
ment research and develoj)ment con- 
tinues at the contem])lated level. De- 
spite the present scarcity of graduate 
engineers, the program provides no 
direct action to locate and spur the 
training of scientists and engineers. 

With all this increase in research, 
the addition of new research founda- 
tions, commercial laboratories and ex- 
pansions in industry, the colleges are 
going to have a much greater demaiul 
for furnishing engineers suitable for 
research and development. 

Engineering research which we are 
discussing today might be limited to 
that in the physical sciences directed 
toward engineering application in the 
industries, particularly in the electrical, 
mechanical, civil, and chemical fields. 

I might add that most of the national 
industrial effort is for engineering ap- 
plication. 

We in industry classify scientific re- 
search as : 
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(1) Fundamental research which is 
carried on for the sake of obtaining new 
knowledge without having any specific 
application in mind. This prospect- 
ing, which we try to keep at a level be- 
tween twenty and thirty per cent of the 
total, is done in fields which we be- 
lieve must liable to give valuable knowl- 
edge for future application 

(2) Basic research involving the 
same theoretical and experimental 
methods, but for the pur])ose of ob- 
taining scientific data for application. 

(3) Practical or specific research 
done to solve some jiroblem, trouble, or 
engineering limitation of materials, 
process, or cost reduction which is 
of value for a j)articular ajijdication. 

The third type of research might be 
classed as engineering development and 
is carried on cooperatively with the 
engineering departments who have the 
responsibility of the complete develop- 
ment of new products or new lines of 
products. There is no sharp dividing 
line between engineering research and 
development. We think of development 
as work usually carried on by experi- 
mental and test methods to obtain in- 
formation for direct application. This 
may be done in the research laboratories 
where unusual equipment and men of 
special training are available, or in 
the engineering laboratories where there 
is engineering skill. Engineering de- 
velopment generally involves more 
than technical data. It involves de- 
sign, competitive considerations, com- 
promises in materials, dimensions, 
ratings, tooling, etc. This puts great 
responsibility on a development engi- 
neer, for he must exercise the best pos- 
sible judgment in meeting commercial 
requirements, costs, and performance 
specifications, sticking closely to stand- 
ards, but not necessarily to the optimum 
design for each individual product. 


To meet this responsibility, the devel- 
opment engineer needs research in- 
formation in ever increasing quantity 

In the larger industrial companies, 
research is usually set ^aside from the 
various engineering departments, re- 
sponsible for design and development 
of the product. However, very close 
cooperation is maintained between the 
laboratories, engineering and produc- 
tion departments. 

The centralization of research pre- 
cludes the necessity of dujdicating un- 
usual facilities and specialists in the 
various fields of science and engineer- 
ing. Centralization also has the ad- 
vantage of providing a clearing house 
and source for the dissemination of new 
knowledge. Data obtained for or in 
one engineering department may find 
multiple application in other plants. 

Research and technology is becom- 
ing so complicated and extensive that 
it is following the same pattern as the 
family economy. We no longer depend 
upon the genius to invent, develop and 
make, for the market, products which 
involve work in several fields of sci- 
ence and engineering, any more than 
we depend upon the family unit to be 
self-supporting by making their own 
shoes, clothes, supplies, or raising their 
own food for sustenance. Teamwork 
of specialists all adding their part to an 
ambitious undertaking is the only prac- 
tical method of meeting the modern call 
for new advances in technology. The 
industrialist must provide facilities and 
depend upon cooperative contributions 
of men trained in research, engineering, 
and production. 

Now in addition to the cooperation 
of men trained in different fields, there 
must also be good cooperation of men 
having different ^characteristics, but 
trained in the same field or branch of 
engineering. 
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\ research or development engineer 
should be imaginative, a critical ob- 
server, dissatisfied with things as they 
aie. He should be a creative thinker, 
inventive, have good technical ability, 
i^ood judgment, preferably an aggressive 
individual with lots of initiative. 

The men you educate need not nec- 
essarily possess all of the foregoing at- 
tributes to a high degree, for they can 
be useful in research when teamed with 
others having the supplementary char- 
acteristics. 

There are certain qualities, however, 
which must be possessed by all re- 
search workers. They are, in order 
of importance: cooperativeness (ability 
to get along well with fellow workers), 
honesty, patience, and a good funda- 
mental training in the physical sciences 
and engineering branch pertinent to 
their chosen activity. 

Frequently a good team for a project 
will consist of the creative thinker, or 
inventor, who may be a poor experi- 


menter or planner, an aggressive 
worker who likes to carry through the 
ideas of others, and perhaps other team- 
mates who supply additional functions 
needed to bring a project to an early 
and successful conclusion. 

This method of using men brings up 
a question of individual training. 
Should they l>e educated to play any 
position on the team, by endeavoring 
to reduce their deficiencies, or should 
they be developed for higher proficiency 
along lines in which they show a natural 
aptitude ? 

These are questions best answered 
after graduation. In college, we be- 
lieve emphasis should be placed on 
fundamental courses. Specialization 
and development of natural aptitudes 
will come with experience after employ- 
ment in industry and the correction of 
deficient personal characteristics will 
often come through the teamwork with 
others. 



Engineering Principles in Biophysics 
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biophysics is that hraiich of ai')plie(l 
physics which utilizes the ])rinciplcs and 
techniques of physics for the investi- 
gation of biological and medical prob- 
lems. This is accomplished through 
the ap])lication of facts and tools of en- 
gineering, chemistry and medicine. 
Modern hio])hysics includes such topics 
as the study of the physics of living 
organisms, the utilization and applica- 
tion of X-rays, radioactivity, ultraviolet 
and infrared light, spectroscopy, sur- 
face ])henomena, membrane studies, 
problems of nerve conduction, the appli- 
cation of physics to body mechanisms, 
and the use of research aids such as 
the ultra-centrifuge, the electron micro- 
scope and the mass spectrograph. 
While these may seem to be unrelated 
subjects, all are linked to the general 
theme — the explanation of a biological 
effect by means of a physical principle 
In each of the subdivisions mcntionetl 
above, we find applications of basic 
engineering principles and materials 
Some of these will be discussed in this 
paper. 

The generation and use of X-rays is 
as familiar to engineers as to physicists. 
Widespread applications of X-rays in 
routine medical diagnosis, in X-ray 
diffraction and in many industrial in- 
stallations have taken place in the past 
few years. The biophysicist uses 
X-rays for radiation therapy and to 
produce changes by irradiation. Stud- 


ies of the natuie of chromosomes and oi 
mutations have been of great value in 
our efforts to understand the living 
plant and animal cell. The engineer 
uses a portabje X-ray unit for metal- 
lographic inspection, and follows safety 
requirements set up by the biophysicist. 
The measurement of transmitted radia- 
tion through various thicknesses of lead 
resulted in the manufacture of protec- 
tive gloves, gauntlets and aprons of 
rubber impregnated with lead oxide. 
These serve as adequate protection for 
most of the smaller installations. Con- 
crete is also used as a protective ma- 
terial. A concrete barrier of thickness 
26.5 cm. will shield the operator from 
400 kilovolt radiation. 

If the operator of an X-ray unit is 
subjected to irradiation, the safe or 
tolerance X-radiation dosages have been 
established. The biophysicist has 
found that the body cells which are most 
sensitive to X-radiation are those of 
the reproductive organs. lx)ne, muscle 
and skin. Brain and nerve cells are 
among the most resistant. 

Biophysical studies of X-rays have 
led to the extensive development of 
fluorescent screens. These are ac- 
cepted as fundamental components of 
engineering apparatus, such as the 
cathode ray oscillograph. 

The methods of the chemist and 
chemical enginee? are combined in the 
field of applied radioactivity. . The 
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(jiiaiitity production of radium salts 
iioin natural ores requires many of 
iheir industrial techniques. Hie cx- 
11 action and purification of radon gas 
in semi-automatic stills is another ex- 
ample. The biophysicist then uses the 
end products, the radium and the radon, 
lor tissue irradiation, for the bleaching 
of butter, for investigation of necrosis 
conditions, and to study the rate of 
cell growth and repair. 

The cyclotron, betatron and syn- 
chrotron are engineering as well as 
physical achievements. The older and 
more familiar cyclotron whirls positive 
ions in ever increasing circular paths 
between the jioles of a magnet. The 
loiis are thus given an increasingly high 
velocity and may be used for the bom- 
bardment of materials. A source of 
high energy projectiles is thus avail- 
able for the transmutation of chemical 
elements. Many of the nuclei after 
transmutation are artificialh radioac- 
tive. 1'hese are the tracers for many 
biological experiments. 

Hie betatron is an electron accelera- 
tor, often called a glorified doughnut. 
Electrons are rotated in a circular path, 
acquire high energy, and when they 
strike metal targets produce X-ra\ s 
corresponding to one million volts. 

Hie synchrotron is the newest and 
most compact type of electron accelera- 
tor. The electrons are. speeded up as 
the magnetic field increases, and, in 
the presence of an oscillating electric 
field, revolve in groups. The electrons 
may he directed against a target and 
X-rays produced. The commercial 
units produce seventy million volt 
X-rays, and units up to three hundred 
million volts are under construction. 
The advantages of this accelerator over 
the betatron is its small size and low 
weight. The commercial development 


of these three accelerators would have 
been impossible without the engineer. 

The radioactive tracers produced by 
the cyclotron, and also by the atomic 
pile procedures, are extremely valu- 
able in biophysics. Examples are the 
use of carbon- 14 in metabolism studies, 
of sodium-24 in fluid circulation in 
plants, of phosphorus-32 in bone stud- 
ies, of iodine- 1 28 in the study of thyroid 
deficiencies, of thorium K-212 in the 
estimation of blood volume, and the 
many experiments, as yet inconclusive, 
on the use of tracers in the study of 
cancer. The petroleum engineer uses 
radioactive materials to map oil pools. 
The metallurgist uses tagged phos- 
phorus compounds to trace phosphorus 
in steel refining. Heavy hydrogen or 
deuterium atoms are used in cracking 
processes and in the hydrogenation of 
oils. \11 of these and hundreds of 
others would have been impossible 
without the engineering techniques 
which enter into their manufacture. 

The illuminating engineer has de- * 
veloped many new t>pes of commercial 
and home lamias. The biophysicist is 
interested in all of the.se, ]jarticularly 
the mercury vapor lamps, the many 
varieties of sunlamps and the steri- 
lamps. The effect of ultraviolet radi- 
ation on the skin has been extensively 
studied. It has been found that the 
tanning of skin is a photodynamic ac- 
tion in the presence of oxygen, and is 
largely due to the oxidation of pigments 
in the skin in a reduced, colorless state. 
These pigments include melanin, mela- 
noid and carotin, commonly found in 
carrots. 

The bactericidal action of the steri- 
lamps is due to ultraviolet radiation 
principally in the 2537 Angstrom re- 
gion. The transportation of pathogenic 
bacteria through air to a wound has 
been greatly reduced by sterilization 
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of air in operating rooms. Steriliza- 
tion of water with ultraviolet has been 
found feasible only if the water is 
treated in layers less than 2 cm. thick 
and if the flow is moderate. 

Use of ultraviolet sources for ir- 
radiation of edible materials is of in- 
creasing industrial importance. The 
sterols become antirachitic on irradia- 
tion. The absorption of ergosterol dis- 
appears with irradiation, but activation 
yielding vitamin -D results. 

The commercial photronic or bar- 
rier-layer photoelectric cell finds ap- 
plication in many biophysical instru- 
ments. For example, the Kiider color- 
imeter measures calcium or phosphonis 
in blood, albumin in urine, hemoglobin, 
sugar in blood or urine, and urea ni- 
trogen. 

One of the most interesting fields of 
biophysics is that of nerve conduction. 
A nerve is composed of many separate 
fibers. Each fiber is comparable to a 
well insulated wire, with the insulation 
squeezed in at regular intervals for 
some, and removed completely for 
others. The insulation corresponds to 
the medullary sheath of myelin and the 
bare wire to the axon of the nerve. 
These fibers vary in length. There 
is a difTerence of potential across the 
surface of the living fiber. This, curi- 
ously, disappears when the nerve is 
deprived of oxygen. The axon of 
the stellar nerve of the giant Atlantic 
squid has been used in many experi- 
ments. 

A nerve fiber is equivalent to a re- 
sistance-inductance-capacitance series 
circuit, with applied direct electro- 
motive force. Differential equations 
for the propagation of current along 
the axon have been set up and solu- 
tions obtained. The longitudinal and 
transverse impedance of the axon dur- 
ing stimulation was measured using 


a Wheatstone bridge with amplifier and 
cathode ray oscillograph over a range 
from 30 cycles to 200 kilocycles per 
second. There is associated with the 
nerve fiber a monophasic action po- 
tential. This is a wave of activity along 
the nerve following a stimulus and is 
a negative pulse of maximum five mil- 
livolts. There is also a change in mem- 
brane potential during current flow. 
The membranes display both inductive 
and capacitative reactance, while the 
axoplasm and connective tissues func- 
tion as resistances. The passage of 
a stimulating impulse along a nerve 
fiber may be detected with silver- 
silver chloride-sodium chloride non- 
pokirizable electrodes in contact with 
the surfaces of the nerve. In the 
myelinated fibers the impulse speed 
may be as high as one hundred meters 
per second; in the unmyelinated, as 
low as one meter per second. 

Nerves of the squid are not the only 
cells used in these experiments. Cells 
of the plant Nitella give the same re- 
sults. There are also action potentials 
and excitation conduction in smooth- 
muscle fibers. The smooth muscles of 
the visceral organs show a brief action 
potential on contraction. Smooth mus- 
cle activity is thought to be due to 
the discharge of impulses by action po- 
tentials. 

In many plants and trees there are 
inherent electromotive forces. For ex- 
ample, in Douglas fir trees an electro- 
motive force is set up between one 
electrode in the center xylem tissue and 
one at any point on the outer surface. 
Such data are being used to study the 
upward and downward conduction of 
sap in the xylem and phloem cells of 
the plant. 

A fundamental 4aw in mechanics is 
Newton's second law of motion. The 
mathematical formulation of this law 
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111 terms of the time derivative of ve- 
locity is well known. An analogous 
relation may be set up between the time 
derivative of an excitation and an ap- 
plied stimulus. All of the procedures 
of theoretical mechanics may then be 
followed for the excitation equation, 
rnfortunaiely the experimental stimu- 
lation of nerve fibers with alternating 
currents does not exactly follow the 
desired theoretical results. 

Electronic devices are of great im- 
portance in biophysics. Mention has 
been made of the cathode ray oscillo- 
tjraph as a detecting device. Various 
lypes of amplifiers, oscillators and con- 
trol units find wide application. In the 
building of a mass spectrograph for the 
identification of isotopes the control 
unit is composed of several tyj)es of 
amplifiers. Amplifiers and o.scillo- 
f»raphs are used with Geiger counters. 
The electroencephalograph for the 
study of brain pulses and brain patterns 
uses two amplifiers, .several filter cir- 
cuits and a mechanically recording os- 
cillograph. 

A familiar illustration in mechanics 
is that of the coupled oscillator, which 
may be pictured as two identical pen- 
dulums coupled together by a spring. 
Two of the small bones of the middle 
ear, the malleus and the incus, func- 
tion as a coupled oscillator. Vibrations 
impressed on the malleus are tran.s- 
mitted to the end of the incus exactly 
as energy is transferred from one of 
the coupled pendulums to the other. 

All of the fundamentals of acoustical 
engineering are utilized in auditory bio- 
physics. The decibel scale of measure, 
loudness measurements, •‘noise meters, 
pitch, and hearing thresholds have been 
studied from the point of view of the 
physics and physiology of the ear. 


Measurements of aural harmonics have 
been made by observing the fluctuating 
electrical potential set up in the cochlea 
of the inner ear by pressure disturb- 
ances which cause the eardrum to im- 
press motion on the cochlear fluid and 
thus generate the potential. The fre- 
quencies are measured by means of a 
vacuum tube wave analyzer. 

Related to this is the hydrodynamic 
theory which treats the cochlea of the 
ear as a hydraulic tunnel with an elastic 
wall, a selective response mechanism 
and a large damping factor. In engi- 
neering terms this would follow the 
analysis of a hydraulic sy.stem contained 
in a cylindrical vessel, with elastic walls 
and a pressure disturbance propagated 
along the walls. 1 'he mathematical 
analogy here is quite satisfactory. 

Mention should be made of the mi- 
croscope and the electron microscope 
as valuable tools in biophysics. The 
engineering principles in the electron 
micro.scope are numerous and familiar. 
The electron microscope is finding wide 
application in the study of virus dis- 
eases, identification of viruses, and in 
the study of the mechanism of cell 
division. 

There have been studies with ultra- 
.sonic vibrations for depolymerization of 
starch and gelatin. These vibrations 
have been used to break down the pro- 
tein hemocyanin obtained from the edi- 
ble snail Helix pomatia. 

These rambling examples are but a 
few of the many possible applications of 
engineering principles and techniques 
to biophysics. The coming years will 
bring the engineer, the physicist and 
the biologist closer together for the 
solution of mutually interesting prob- 
lems in the border field of applied bio- 
physics. 



The Naval Reserve Officers Training Corps 
Program in the Engineering Colleges 


F!y J. II. BELKNAP 

Chau mail. Division of Enyinccrinq, Univa sity of Rochestet 


I'lic ilolloway Plan as authorized 
by Public Law 729 lias established 
NROTC units in 52 collcg^es and uni- 
versities. The training offered in these 
units is designed to provide “a stead} 
supply of well-educated junior officers 
for the line and staff corps of the 
Regular Nav}' and to build up a reserve 
of trained officers who will be ready to 
serve their country at a inonient’s notice 
in a national emergency ” The plan 
supjilcinents, in point of numbers, the 
program offered by the Naval Acad- 
emy. ' 

The arrangement pi ovules tor com- 
missioning and granting of baccalaure- 
ate degrees to those who satisfy the 
requirements set up by the Navy and 
the colleges 

This paper has to do with the integra- 
tion of the regular and Naval programs 
in the engineering colleges and is 
based upon a sui*vey just completed. 
It is inspired by the problem which is 
brought to the engineering colleges by 
the addition of 24 Naval Science course 
credits to an already crowded engi- 
neering curricula. The study deals 
only with undergraduate curricula in 
engineering as offered by the concerned 
colleges. 

In the preparation of this paper full 
use has been made of the information in 
the hands of the Association of 52 Col- 


leges offering the NRC^TC programs 
Dr. Alan Valentine, president of the 
Association, h^s indicated his interest 
in the study. Data obtained through 
the use of the questionnaire of May, 
1047 will be made available to the 
Association for their analysis ^\ith re- 
spect to the combination of Navy 
courses and engineering curricula. 

Thirty-four (questionnaires have been 
completed and returned. The students 
involved total 3,310 of which numbei 
1,585 or 48 ])er cent are following engi- 
neering curricula. 

It is known that of the 34 colleges 
replying, 32 offer the B.S. in particular 
engineering fields at the end of 4 years 
of successful undergraduate prepara- 
tion. Two are following the 5 year 
plan. 

Of the 32 colleges offering the B.S. 
degree in 4 years, 19 will provide both 
degree and commission in 4 years ; and 
of the entire group, 17 will require ad- 
ditional time up to 10 semcvstcrs or 5 
academic years for both. Six colleges 
offer the Bachelor of Naval Science 
Degree, or the B.S. without designation, 
and commissions at the end of four 
years and will require additional time 
for the engineering degree. 

The great majori^ of the institutions 
interrogated offer Tull 24 credits for 
the Naval Science courses. Space is 
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made available for the additional 24 
credits in Naval Science by the omis- 
sion of courses in the humanities and 
social sciences and courses in engineer- 
ing electives. In no institution replying 

15 it known that Naval Science courses 
are substituted for the physical sciences 
and mathematics. In only one or two 
instances are “regular” courses in en- 
gineering set aside to make room for the 
Naval Science courses, and in those 
cases ii is understood that all essential 
courses have been retained. 

Of the 19 colleges offering both the 
R.S. degree and commission in 4 years, 

16 are satisfied with the arrangement. 
Of the full group of those who indicate 
lack of satisfaction with the plan as now 
used, only 7 propose that betterment 
would be achieved if the plan Were to 
he extended. Of the total group of the 
34 colleges, 9 propose that the combina- 
tion courses in engineering and Naval 
.'Science be extended to 10 semesters (5 


academic years) and one proposes 9 
semesters and a summer session. An 
additional 8 suggest some extension 
but do not indicate how long the ex- 
tension should be. Accordingly 18 out 
of the 34 favor a lengthening of the 
combination program beyond 8 semes- 
ters or 4 academic years. This, to re- 
peat, is in contrast with the 16 colleges 
in which there is satisfaction with the 
4 year plan. 

Some of the answers indicate “satis- 
faction” with the 4 year i)lan and yet 
propose an extension l)eyond 4 years! 
From this and several other observed 
disagreements it may be understood 
that the problems are not yet happily 
resolved and that changes may be 
viewed with favor. 

To summarize certain of the findings, 
it is ap])arent that all who answered 
the questionnaire analyzed their cur- 
ricula in terms of the following break- 
down : 


Sample Comparison 

Typical Mechanical Engineering Clrriculi m 
Regular NROIC 


ECPD 
Basis 
(Cr. Hr.) 

Subjects 

Regular 
(Cr. Hrs.) 

NROIC 
(Cr. Hrs.) 

Courses Dropped 

40.4 

Mechanical Engineering 

38 

30 

/6 — Eng. Elect. 

[2 — Surveying 

20.6 

Other Engineering 

16 

16 

None 

10.9 

Mech. and Hydraulics 

14 

14 

None 

5.9 

Graphics 

8 

6 

2-Shop Drawing 

2.9 

Shop 

3 

2 

1 -Foundry I^c. 

15.6 

Physical Sciences 

16 

16 

None 

18.9 

Mathematics 

14 

14 

None 

15.1 

Arts (Humanistic-Social) 

24 

24 

None 

4.2 

Phys. Training 

4 

4 

None 

5.5 

Non-Engr. Elective.'^ 

6 

0 

6 — all as selected 

0.0 

Naval Science Course^. 

0 

18* 

Added 


1 

143 

144 , 

1 1 



* Eighteen rather than 24 N.S. credits required because Navy agreed to waive N.S. 401 and 
N.S. 402. 
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A Study oh the Naval Reserve Officer Training 


No 

(1) 

NROTC Students 
in Unit 

(2) 

Time Required 
for ' Regular ’ 

B S Degree in 
hngr iMeld 

(3) 

Credits 
Authorized 
for NS 
Courses 

(4) 

Credit Hours Dropped to 
Provide for N S Courses 

(5) 

0 

Naval Science Courses 
Waived by Navy 

Engr. 

Arts 

and 

Other 

Total 

4 years 

5 years 

Human 

istic 

Reg 

I ngr 

Engr 

Elect 

1 

35 

19 

54 

\ 


24 (in equiv 

18 

0 

12 

None nou, but antici 







qtr era ) 

qtr ers 


qtr ers 

pated 

2 

103 

49 

152 

X 


18 in Fngr 

12 

0 

6 

None 







20 m Arts 





3 

50 

50 

100 

X 


24 




None 





BS m 











NS 







4 

61 

32 

93 


X 

24^ (not all 

0 

0 

0 


5 

66 

95 

161 

X 


depts ) 

24 

22 

0 

0 

N S 402 (modified to 











1 sem course) 

6 

167 

0 

167 

X 


30 qtr. 



• 

None 

7 

13 

95 

108 

X 


24 




N S 401 and 402 (?) 

8 

81 

4 

85 

X 


24 

0 

9 

6 

None 

9 

65 

87 

152 

X 


24 for some 



? 

None 

10 

70 

23 

93 

X 


24 



16/18 

? 

11 

27 

27 

54 


X 

31 qtr c 

15 


15/3 

N S 411 and 412 (on rec 











ommendations) 

12 

95 

87 

182 

X 


24 

6 

0 

6 

Next year? 

11 

25 

16 

41 

X 


24 




None now but antigi 











pated 

14 

5 

21 

26 

X 


24 




None 

IS 

10 

31 

41 

X 


24 




None 

16 

14 

31 

45 

X 


24 




None 

17 

38 

103 

141 

X 


24 

27 

9 


None 








qtr hr 

qtr hr 



18 

29 

42 

71 

X 


24 

12 

6 

6 

None 

19 

22 

31 

53 

X 


24 

3 

3 

30 

None 








qtr hr. 

qtr hr 

qtr. hr 


20 

40 

45 

85 

X 


24 

? 


? 

None 

21 

43 

178 

221 

X 


24 

15 

0 

3 

NS 401 and N S 402 

22 

? 

? 

? 

X 


24 

6 

0 

6 

None 

23 

101 

5 

106 

X 


24 

6 

0 

3 

NS 401 and Part NS 402 

24 

1 21 

10 

31 

X 


21 

? 

? 

? 

N S 401 

25 

55 

43 

98 

X 


24 

6(?) 

s 

6 

N S 401 and N.S 402 

26 

37 

43 

80 

X 


24 

? 

? 

? 

None 

27 

49 

30 

79 

X 


24 

6 

8 

10 

None 

28 

11 

85 

96 

X 


24 

? 

? 

? 

None 

29 

46 

61 

107 

X 


12 hrs 

? 

? 

? 

None 

30 

32 

54 

86 

X 


24 

? 

? 

? 

None 

31 

11 

12 

23 

X 


24 

? 

? 

? 

N S 213 411 412 

32 

38 

53 

91 

X 


? 

? 

? 

? 

None 

33 

65 

60 

125 

X 


12 

? 

? 

? 

None 

34 

60 

203 

263 

X 


24 

? 

? 

? 

None 


1585 


3310 









(a) Physical sciences and mathemat- 
ics 

(b) Required engineering subjects 

(c) Humanistic and social studies 

(d) Engineering electives. 

It is definitely established that the first 
two groups may not be reduced but 
that there is some flexibility in the 


last two All colleges reporting on 
present and contemplated operations 
based upon a plan for graduating and 
commissioning within a four year pe- 
riod have made adjustments with the 
(c) humanistic and social studies group 
and the (d) engin^ring elective group. 
By and large the subjects listed within 
all engineering curricula quite uni- 
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COURSES IN 34 Colleges and Universities 


\(1 

(6) 

r ime Required to Obtain 
both Degree and 
Commission 

(7) 

la Present 
Arrangement 
Satisfactory? 

(8) 

Courses which Substitute 
for Those Waived by Navy 

(9) 

Recommenda- 
tions to Extend 

(10) 

Proposals 

4 years 

5 years 

Yes 

No 

(See column 5) 

Yes 

No 

1 

X 



X 


X 


Extend 

2 

X 



\ 


X 


Ex. to 9 or 10 









Semesters 


B.S. in N.S. 

Both 


X 



X 


\ 


\ 

X 


11. P. and E.K. 


X 


S 

X 


? 




X 

Provisional 









Arrangement 

6 

X 


X 






/ 

X 



? 

Approp. E.F^ and/ or 


X 







Steam Courses 




8 

X 


\ 




X 


g 

B.S. Ill N.S. 

Both 

X 



X 


Ex. to 10 Sem. 

10 

X 

1 

X 






11 


X 

X 


llumariibtic and Elect. 


X 




14 qtr. 



Engr. Courses 




12 


9 .sem. + 


V 


X 


Ex. to 9 Sem. and 



Sum. Session 






Summer Session 

13 


4 4-2 qtrs. 


X 


X 


Ex. to 10 Sem. 

14 


4 4-811 rn S. 

X 



X 


Ex. to 10 Sem. 

15 


X 

X 



x 


Ex. to 10 Sem. 

16 


X 

X 

? 


X 


Ex. to 10 Sem. 

1/ 

i ' 


X 




X 


IS 

1 

X 


X? 



X 


Ex. to 10 Sem. 

19 

X 


X 




X 


20 

X 


X 



X 


Ex. to 10 Sem. 

21 

X 


X 


Seminar to cover ship const. 


X 







and damage contiol 




22 

X 


X 



X 


Extend 

23 

X 


X 


Any equiv. H.P. 


X 


24 

AB 

B.S. 


X 

Crs. in M.E., Ch.E., etc 

\ 


Extend 

25 

x(?) 


X 


H.P. and other approp 


\ 


26 

B.S. ill En. 

B.S. 

X 



X 


Extend 

27 

X 


? 



\ 


Change needed 

28 

B.S. 

Both 


\ 


X 


Extend 

29 

X or 9 Sem. 

X 






30 

X (with overload) 

X 




X? 

Ex. to 10 Sem. 

31 


Both 


X 

E.E. Courses 

X 


Extend 

32 


Both 

X 



\ 


Extend 

33 

B.S. in N.S. 

Both 

X 




X 

Extend 

34 

X 


X 




X 



B. of Engr. 









foriiily aggregate 140 semester hours 
for graduation with the baccalaureate 
degree. 

In reading the notes ‘"found on the 
questionnaires and the letters trans- 
mitting the questionnaires I have found 
opinions varying from the one extreme 
of holding quite inflexibly to a rigid 
requirement within all engineering cur- 


ricula to the other which says in effect 
“we can still hold to sufficiently rigorous 
requirements and provide both degree 
and commission in 4 years.” A fine 
indication of patriotic interest has been 
shown in the replies to the question- 
naire. 

Some of the colleges report that they 
have given certain of their required 
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courbes a ‘'Navy Slant” and that the 
Navy in return has granted that such 
courses may substitute for the com- 
parable Naval Science couises An 
examjde of such economies is that of 
the substitution of heat power and elec- 
trical engineering courses for the more 
advanced Naval Science courses. In 
these cases the reasons for the substitu- 
tions are apparent, but in other course 
comparisons it is not so easy to see the 
similarities. Possibly the Navy will be 
able to make adjustments toward the 
“standard” courses and the Colleges 
will be able to give their regular courses 
a “Navy flavor” through the use of 
examples taken from IMarine practice, 
thus working toward a more nearly 
common requirement. 

By the same token the colleges might 
well recognize the benefits to be had 
through the taking of N.S courses 
If, for example, 9 credit hours in the 
humanistic and social studies and 0 
credit hours m engineering electives 
are set aside to provide for 18 Naval 
Science course credits, not all is lost! 
Specifically, an E.E. student might be 
required to drop 3 credit hours of en- 
gineering elective in plane surveying 
so as to be able to adjust his schedule 
to include the required N.S. courses. 
As a compensation for that loss there 
would be comparable information in 
the Naval Science courses in navigation 
and fire control (gun pointing) and in 
certain respects he would find a more 
exact use of engineering principles in 
the Navy courses. 

The Navy is in need of college trained 
engineers and our institutions should 
assist in every way possible in providing 
for that need. It is a privilege for the 
colleges to serve our Nation through 
the Navy, and our obligation with re- 
spect to national defense should not be 
minimized. The colleges consider it 


an honor to be selected to aid in tin 
training of those who are to serve in 
peace and who may be called upon to 
defend our country in time of war. 

The Army and Navy know the ini 
portance of engineering education 
Without our engineers and their placi 
of work — the country’s industries — 
the war could not have been brought 
to its successful end How close was 
the race is known to manv of us The 
world knows and acknowledges the im- 
portance of engineering education and 
its product, our young engineering 
graduates, and the Army and Nav) 
must have their share of the output of 
the engineering colleges Thercfoie 
our eflforts to integrate the needs of 
industry with the requirements of the 
armed forces must be effective. 

It is significant that wx have gotten 
under way in this important cooperative 
action involving the Navy and the 
Colleges, on the basis of the integration 
of established plans, and with the least 
amount of disruption of the accepted 
standards of engineering education 
It is evident that we recognize fully the 
seriousness of the recent world conflict, 
the need for preparedness, and the 
continuing threat to world peace. The 
spirit of give and take has been shown 
and with the attitudes found in both 
the Colleges and the Navy the prob- 
lems remaining will indeed be resolved 
with satisfactory results. 

We should not permit our engineer- 
ing programs to be reduced in their es- 
sential content, and the humanistic and 
social studies should be retained insofai 
as is possible. But it is to be recom- 
mended that we realistically view the 
need that our nation maintain its mili- 
tary strength, not for the purpose of 
waging war, but, through actual mili- 
tary superiority, to prevent war. The 
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Xaval Science courses of engineering 
i\pe are broadening and also provide 
an insight into another use of engineer- 
ing principles. It is right that the Na- 
Aal Science courses be given full credit 
and it is fair, too, that they l^e acknowl- 
edged as the equivalent of certain of 
the more general courses. 

It is proposed finally that the Na\y, 
as in this instance, be acquainted with 
(air problems and our determination 
to serve the armed forces and that the 
Navy consider the possibility of modi- 
f\ing its in-residence courses to the 
point that more substitutions may be 


2Q9 

made. Such changes may necessitate 
covering more subjects while the stu- 
dents are on cruise. The colleges also 
should attempt to put in their regular 
engineering courses, where possible, 
material of particular interest and use 
to the Navy. The colleges’ obligation 
should be that of providing the best 
possil)Ie arrangements such that gradu- 
ation and commissioning may be ac- 
complished in four years, or tlie short- 
est possible extension of time beyond 
four years The final alteniJilive is to 
go to a five year plan and bold to all 
present requirements. 



Correlation of Mathematics and Electrical 
Engineering * 

Part T 

By H. K. JUSTICE 

Assistant Dean, College of Engineering, University of Cincinnati 


Correlation, in the sense in which we 
are here interested, is a difficult term 
to define. Whether it should include 
the mere arrangement of courses in 
logical sequence is open to question. 
Some of you may regard the essential 
requirement of basing each course on 
carefully planned prerequisites as too 
fundamental to be classified specifically 
as correlation. Nevertheless, some 
reference to the sequence of courses 
seems inevitable in any discussion of 
correlation. There should be no need, 
however, to dwell on this aspect of the 
subject. All of us know that any cur- 
riculum, once established, demands a 
rather inflexible arrangement of courses. 

What I shall have to say will deal 
with basic courses of the first two 
years of electrical engineering at the 
University of Cincinnati. Professor 
Restemeyer will then develop the sub- 
ject of correlation in more advanced 
courses. Professor Restemeyer and I 
do not in any sense wish to display the 
Cincinnati plan before you as a model. 
On the contrary, we present it humbly 
for whatever merits it may have, in 

* Presented at the Annual Meeting, Min- 
neapolis, June 18-21, 1947. 


the hope of soliciting frank and con- 
structive criticism. 

In the year 1920 the functions, per- 
sonnel, and scope of the department of 
mathematics at Cincinnati were greatly 
expanded At that time all basic 
courses of the first two years in statics, 
dynamics, drawing, and descriptive 
geometry were placed under the juris- 
diction of the mathematics department, 
as also were courses of the upper years 
in technical mechanics, strength of 
materials, indeterminate structures, and 
(later) vibration problems. The chief 
purpose of this reorganization was to 
effect a comprehensive correlation of 
these subjects with mathematics and 
with each other. Throughout the pe- 
riod of more than twenty-five years, 
during which this plan remained in 
effect, constant attention has been given 
to the question of correlation. For rea- 
sons which I shall presently discuss, a 
separate department of engineering 
drawing has recently been established 
and, for the most part, members of the 
mathematics department no longer 
teach drawing. 

Our freshman curriculum for all 
engineering studen(^ includes algebra, 
trigonometry, analytic geometry, stat- 
ics, descriptive geometry, drawing, and 
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vector algebra. Vector algebra, which 
IS offered during the third and final 
term of the year, includes studies of 
the scalar and vector products and the 
scalar triple product, with applications 
to statics and to space analytic geom- 
etry of the point, line, and plane. All 
these subjects have been handled by the 
department of mathematics. The fresh- 
man program includes also general in- 
organic chemistry, English, metallurgy, 
and coordination. To accomplish as 
high a degree of correlation as possible 
among those subjects handled by the 
department of mathematics, proper 
course sequences are maintained, as- 
signment schedules are carefully pre- 
pared in mimeographed form, and all 
instructors are required to follow the 
same schedule of topics in each course. 

Technical courses of the first two 
terms of the sophomore year in electri- 
cal engineering are as follows : calculus, 
dynamics, physics, engineering mate- 
rials, engineering drawing, coordina- 
tion, and English. At the beginning 
of the third term all sophomores are 
turned over to the department of elec- 
trical engmeering for the following 
courses : graphical applications of 
mathematics, electric and magnetic 
fields, applied kinematics, kinematic 
drawing, elements of circuit analysis, 
and elementary electrical laboratory. 
The last-mentioned course includes the 
study of direct and alternating current 
metering, direct current bridge circuits, 
single phase circuits, and flux measitre- 
ment. Calculus and physics are con- 
tinued through this term. 

The following outline reflects the 
correlation which has been accom- 
plished at Cincinnati among freshman 
courses and courses of the first two 
terms of the sophomore year in elec- 
^ trical engineering. 


Freshman Year 

I. Correlation of Drawing zvith Statics, 
Descriptive Geometry, Algebra, 
Analytic Geometry, and Vector 
Algebra, 

Problems involving the following 
topics are worked in the drawing room. 
Different data are assigned to the vari- 
ous students. 

1. Resultant of concurrent, co- 
planar forces by use of the force 
polygon. 

2. Resultant of nonconcurrent, co- 
planar forces by use of the fu- 
nicular polygon. 

3. Resultant of concurrent, non- 
coplanar forces by projection on 
perpendicular planes of reference 
and subsequent true-length de- 
termination of resultant by de- 
scriptive geometry. 

4. Resultant of parallel forces in 
space by use of the equilibrium 
polygon applied to two views. 
Determination of centroids of 
areas by similar means. 

5. Elementary equilibrium prob- 
lems by use of the force polygon. 

6. Equilibrium of coplanar, noncon- 
current forces by use of equi- 
librium polygon. 

7. Reactions in the three-hinged 
arch by superposition of effects 
caused by forces on the separate 
parts of the arch. 

8. Stresses in framed structures by 
the use of the Maxwell Diagram. 

9. Three-dimensional, concurrent 
forces in equilibrium. The 
tripod problem and others re- 
quiring revolution or auxiliary 
projection for true-length. 

10. Pin reactions in various struc- 
tures with bending members. 
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11 Point of intersection of three 
planes represented 1)> given 
cartesian equations \lgchraic 
check. 

12. Perpendicular distance from a 
plane to a point from data in 
cartesian form. Analytical check 
by vector methods. 

13. Perpendicular distance between 
two nonintersecting lines from 
data in cartesian form. Analyti- 
cal check by vector methods 

TT Correlation of Vector Algcha 7uitJi 
Analytic Ceoinetrv and Stat{( ? 

1 While the course in vector algehi a 
is intended primarily to furnish the 
background for vectorial mechanics and 
electrical engineering courses, conela- 
tions are established with analytic ge- 
ometry and statics in problems of the 
following types : 

a. Point of division 

h. Standard problems in space ana- 
lytic geometry of the point, line, 
and plane, such as were men- 
tioned above under I, 

c. Moment of a force about a i)oint 
and its use in determining the 
moment about an axis 

Sophomore Year — Electrical 
Enginefrinc. 

T. Correlation of Calculus, Dynamics, 
and Physics, 

1. Calculus and dynamics are han- 
dled by the department of mathe- 
matics and are taught concur- 
rently with physics. 

2. Each instructor has the same stu- 
dents in both calculus and dynam- 
ics. The theory of dynamics is 
taught from the vector standpoint. 

3. Integration is introduced early in 
the calculus course to provicle a 
tool for mechanics and physics. 


This makes possible the inclusion 
of a great variety of motion prob- 
lems in kinematics, as for example 
the projectile probjem from the 
standpoint of integrating accelera- 
tion components 

4. Harmonic motion (from both the 
kinematic and kinetic points of 
view) is treated in dynamics and 
omitted from calculus. 

5 Related rate problems are studied 
in calculus and are concurrently 
treated in dynamics from the 
standpoint of velocity components, 
relative velocity, or instantaneous 
center, and the various solutions 
are compared A typical ele- 
mentary example is that of find- 
ing the speed of the upper end of 
a ladder whose base is moved at 
a specified rate. 

6 Because statics and dynamics are 
offered as separate courses in the 
first and second years, respec- 
tively, relatively little time is de- 
voted to these topics in physics 
The time thus saved in the phys- 
ics course is devoted largely to 
electricity and magnetism. 

7. Hyperbolic functions are covered 
rather thoroughly in the calculus 
course and their relation to trigo- 
nometric functions is emphasized 

\ I Correlation of Sophomore Draiving 
7 vith Mathematics and Electrical 
Engineering 

1. The first term of sophomore 
drawing includes technical sketch- 
ing and assembly drawing of elec- 
trical equipment. Air-gap vari- 
able condensers of the Johnson 
type are used as models. 

2. The second term of sophomore 
drawing includes a study of em- 
pirical equations by the method 
of averages and the method of 
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least squares. In order that the 
student may gain familiarity with 
electrical terminology and phe- 
nomena exclusive used is made of 
experimental electrical data. 

3. The third term of sophomore 
drawing (called graphical applica- 
tions of mathematics) deals with 
scales and scale moduli, align- 
ment charts, and graphical differ- 
entiation and integration. 

I should be remiss if I failed to in- 
ject a word of warning on the danger 
of carrying correlation too far. Some 
of you may already have detected short- 
comings in the program which I have 
outlined. The principal fault as we 
see it lies in freshman drawing. In 
our eagerness during past ye^s to 
incorporate in drawing a high degree 
of correlation with other courses of the 
freshman year, some of the essentials 
of pure mechanical drawing were sacri- 
ficed in favor of graphical problems in- 
volving algebra, analytic geometry, 
statics, and vector analysis. As a re- 
sult of this practice, it was found that 
students who were placed on co-op jobs 
in drafting rooms were found to be 
deficient in some of the mechanical as- 
pects of drawing. Steps have recently 
been taken to remedy this situation. 
The remedy, of course, consisted in 
restoring those essentials of drawing 
which had previously been deleted. 

Another difficulty which has been 
recognized at Cincinnati is of an ad- 
ministrative nature. I have indicated 
that engineering drawing was formerly 
under the jurisdiction of the depart- 
ment of mathematics and That recently 
a separate department of drawing has 
been created. The principal reason for 
this change is that under the original 
plan of requiring members of the 
mathematics department to teach both 


mathematics and drawing, considerable 
difficulty was experienced in locating 
men who were fully qualified in both 
fields and who were also willing to 
teach drawing. The obvious answer 
to this was to create a separate depart- 
ment of drawing. Fortunately, the 
head of the new department is one of 
our experienced teachers in mathe- 
matics whose inclination is still to pre- 
serve all the correlation possible be- 
tween drawing and other subjects. 

Before closing I should like to say a 
word in favor of a problem course, 
preferably in the sophomore year with 
calculus as a corequisite, in which the 
student is called upon to solve assorted 
problems from the various fields of 
engineering and science. About ten 
years ago I had occasion to develop 
such a course for a group of sopho- 
mores in general engineering, and to 
teach it for several years prior to the 
recent war. The results convinced me 
of the importance of a course of this 
kind in developing the skill of the stu- 
dent, in demonstrating the utility of 
mathematics as a scientific tool, aiid in 
furnishing an excellent means of cor- 
relating the subject with various 
branches, or with some particular 
branch, of engineering. In this con- 
nection your attention is called to a 
relatively recent book entitled “Engi- 
neering Problems Illustrating Mathe- 
matics,” which has been sponsored by 
the Mathematics Division of A.S.E.E. 
and was prepared by a committee from 
this division under the chairmanship 
of Professor John W. Cell. The book 
contains a large number of problems, 
many of them from electrical engineer- 
ing, and seems to be well suited for a 
problem' course in which mathematics 
through calculus is correlated with 
engineering. 
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I ^\ish also to emphasize the need 
f(ji close liaison between departments 
in the teaching of en^»incering and sci- 
ence subjects. Especially is this neces- 
sary where two courses are being 
taught concurrently by se])arate depart- 
ments and one of the courses is de- 
pendent on the other, as in the case of 
])h\sics and calculus, calculus and dy- 
namics. or dMiamics and physics. 
I’ains should be tabeii to arrange both 
coinses in siuli a \\a} that each assign- 


ment is based exclusively on material 
previously covered. 

Not only does the careful correla- 
tion of courses exhibit the inter- 
relationships of various ^fields of sci- 
ence and engineering, thereby increas- 
ing student interest, but also it affords 
the opportunity of reiterating basic 
concepts. It is a well-known peda- 
gogical principle that a student learns 
by repetition. Let us offer him the 
best means to his learning. 


Pari II 

\U will TAM E RKSTEMEM^R 
I nii'ctstiv of CiHcinuati 


\n electrical engmeeimg student 
when asked about his technical couises 
ic])hed that they contained many dif- 
ferent topics, all of them mathematics 
in one form or another. Of course what 
he meant by this remark was that the 
fundamental laws of electrical science 
are expressed in mathematical langu- 
age because they involve relations be- 
tween the measures of physical quanti- 
ties. It therefore becomes necessary 
for those interested in science to be 
able to understand this language and 
to use it. 

It is the combination of scientific 
experience and familiarity with the 
techniques and results of mathematics 
which has produced the technological 
wonders of our present day world. 
The past ten years has brought about 
a tremendous increase in the scope of 
electrical engineering and thereby a 
strong need for revisions in elec- 
trical engineering education programs. 
Noteworthy examples of this trend 

♦Presented at the Joint Meeting of the 
Mathematics Division and Electrical Engi- 
neering Division, at the Annual Meeting of 
the A.S.E.E., Minneapolis, June 18-21, 1947. 


may be found as early as 1942 in the 
paper of Professor Bewley ^ in the 
January issue of the Journal of En- 
gineering Edixation, and that of 
Professor Guillemin - in the March, 
1945 issue. 

"J'hc accompanying need for im- 
proved correlation between mathemati- 
cal and electrical engineering courses in 
the educational structure has already 
been well stated by Dr. Brennecke. 
Dean Justice has told you of correla- 
tion of mathematics and mechanics in 
the freshman year and first two terms 
of the sophomore year at the Univer- 
sity of Cincinnati. With minor excep- 
tions, this correlation is common to all 
engineering students. In the third 
term of the sophomore years the elec- 

1 Bewley, L. V., “The New Curriculum in 
Electrical Engineering at Lehigh Univer- 
sity" :J,E.E, Vol. 32, No. S, January, 1942, 
page 434. 

2 Guillemin, E. A., “The Coordination of 
the Work of the Physics, Mathematics, and 
Electrical Engineering Staffs in the For- 
mulation of Communications and Electronics 
Curricula, Includin^C^ Ultrahigh-Frequency 
Techniques" : /. E. E., Vol. 35, No. 7, March, 
1945, page 401. 



MATHEMATICS AND ELECTRICAL ENGINEERING 


305 


trical engineering student starts to 
specialize in his chosen field and 
in the mathematics useful to him either 
in direct application or as training in 
analytical thinking. 

It is my present purpose to discuss 
typical courses of a correlative type 
which may be found in the revised 
electrical engineering curriculum at 
Cincinnati where broad fundamental 
background is a prime objective. It 
should l>e mentioned that the shorter 
terms and more frequent intermissions 
in the form of work-sections make it 
jiossible to give the cooperative student 
a more intensive curricular schedule 
than would be feasible for a student 
attending classes eight or nine con- 
secutive months during the year. 
Thus the five-year cooperative electri- 
cal engineering program at Cincinnati 
contains a total of more than 4100 
contact hours, and is believed to be 
greater than that of any standard four 
year curriculum. 

The sophomore course called Graphi- 
cal Methods to which Ur. Justice re- 
ferred carries over into the third term. 
It is extremely useful in helping the 
student bridge the gap between the 
more precise analytical methods he has 
learned through the Calculus and more 
practical methods of effective compro- 
mise which are of necessity found in 
modern engineering. 

Another sophomore course of value 
is a lecture course entitled Applied 
Kinematics, accompanied by a Kine- 
matics Design Laboratory. The lec- 
tures start with vector calculus and 
deal with the analysis of simple mecha- 
nisms in plane motion. Vector meth- 
ods are used exclusively in anticipa- 
tion of their need in field theory. The 
laboratory course includes the develop- 
ment of simple speed-time schedules 
for electric railway transportation, and 


the design and drawing of simple elec- 
trical devices such as circuit breakers, 
pantograph switches, and motion pic- 
ture mechanisms. 

For three terms in the pre-junior 
year the student of electrical engineer- 
ing gets his most important applied 
mathematics course. It is called Math- 
ematical Methods in Electrical Analy- 
sis and is intended to accomplish two 
broad objectives : first, the ability to 
formulate and interpret physical situa- 
tions in mathematical terms by the use 
of fundamental principles; and second, 
a working knowledge of the technical 
tools of modern mathematical methods. 
This philosophy of teaching both the 
qualitative and quantitative aspects of 
mathematics is substantially that dis- 
cussed by Professors Bryan,® Miller,^ 
Grinter ® and Synge ® in previous is- 
sues of the Journal of Engineering 
Education. 

The actual content of this course is 
comprised of the following subject mat- 
ter : 

1. Review of basic principles of 
mechanics and their electrical 
analogies, dual systems, lumped 
parameters and need for ordinary 
differential equations. 

2. Ordinary linear differential equa- 
tions with constant coefficients, 
graphical and numerical methods, 

3 Bryan, Noah R., “Improving the Mathe- 
matics Preparation for Specializing in Tech- 
nical and Scientific Fields”: /. E. E., Vol. 
34, No. 10, June, 1944, page 664. 

^Miller, Frederic H., “Mathematics Be- 
yond Calculus for Engineering Students”: 
J. E. E., Vol. 37, No. 4, December, 1946^ 
page 330. 

® Grinter, L. E., “Teaching Mathematics to 
Engineers” : /. E. E,, Vol. 37, No. 7, March, 
1947, page 536. 

« Synge, J. L., “Undergraduate Prepara- 
tion for Graduate Study . . . Through Ap- 
plied Mathematics”: /. E. E., Vol. 37, No. 
7, March, 1947, page 531. 
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vector representation of clamped 
sinusoids, application to single 
and double energy transients, 
amplitude modulation and beat 
phenomena. 

3. Distributed parameters and need 
for partial differential equations, 
linear homogenous equation for 
the ideal line, traveling wave so- 
lution and boundary conditions 
for D.C. line, separation of vari- 
ables and standing wave solution 
for A.C. line. 

4 Synthesis of complex wave forms, 
Fourier series analysis, principle 
of superposition, applications to 
circuits with harmonic distortion, 
harmonic analysis. Exponential 
form of Fourier Series, the 
Fourier Integral and frequency 
spectra, application to ideal trans- 
mission systems. 

5. Series solution of differential 
equations, Bessel and Gamma 
functions, application to eddy 
currents, skin effect and fre- 
qency modulation. 

6 Heaviside operational calculus and 
Laplace transform analysis, com- 
parison with previous methods of 
transient and steady state analy- 
sis of circuits and lines. 

The amount of time devoted to indi- 
vidual topics is roughly proportional to 
their subsequent need and importance. 
Two texts have been used with notable 
success in conjunction with this course : 
Advanced Mathematics for Engineers 
by Reddick and Miller, and Mathe- 
matical and Physical Principles of En- 
gineering Analysis by Johnson. 

A course in Field Theory runs col- 
laterally during the third term and 
stresses the vector analysis of fields. 
Maxwell's equations and Po 3 mting's 
theorem. Also, a Transients Labora- 
tory course is a valuable adjunct in 


correlating the analytical methods of 
transient analysis with laboratory re- 
sults. Experimental methods in study- 
ing recurring and non-recurring tran- 
sients in linear circuits are carried out 
giving the student incidental experi- 
ence with oscillographic and photo- 
graphic techniques. 

By this time the student has an 
adequate mathematical preparation for 
the electrical courses of the junior and 
senior years. Junior courses requir- 
ing this preparation to a greater de- 
gree than others include Transmis- 
sion Networks, Networks laboratory, 
Transmission Line Theory, Electric 
Power Transmission, and Unbalanced 
Polyphase Systems 

At the senior or early graduate level 
it is difficult to cite certain courses as 
typifying correlation more than others 
since the majority of electives are es- 
sentially mathematical in their ap- 
proach, whatever the student's option 
This would include Servomechanisms, 
Electron Inertia Effect and Ultra High 
Frequency Techniques, Radiation and 
Propagation, Engineering Acoustics, 
Matrix Analysis and Tensors. In the 
majority of these courses the mathe- 
matics and electrical engineering are 
inseparable, making it impossible to 
distinguish where the one begins and 
the other ends. 

Undoubtedly some will say that this 
is carrying things too far; that it is 
unnecessary to subject a student to so 
much “high-powered” mathematics as 
an undergraduate. Industry itself is 
divided on the subject. In the May, 
1943 issue of the Journal of Engi- 
neering Education, a paper by Mr. 
Stevenson ^ of the General Electric Co. 

^ Stevenson, A. R., Jr., “What Mathe- 
matical College Training Industry Expects 
from Young Engineers’*: /. R E., Vd. 33, ^ 
No. 9, May^ 1S>43, page 670. 
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entitled ‘‘What Mathematical College 
Training Industry Ex])ects from 
young Engineers” said in part: “It 
will be necessary lo omit from the un- 
dergraduate engineering course spe- 
cialized subjects such as Heaviside’s 
method of solving differential equa- 
tions, vector analysis, tensor analysis, 
special courses in circuit analysis etc., 
all of which arc valuable hut should 
he postponed to i)ost-graduate >ears 
either in college or in industry for 
those with s])ecial aptitudes aloii” these 
lines.” 

With this I most heartily disagree ! 
One need only to sample random 
copies of .such i)rofessional journals as 
Electrical Eaginecrinfj and I.R.Ii. Pro 
ceediiujs to realize what mathematical 
equipment the serious technical t\‘ader 
is expected to have. It becomes ohvi- 
t)us too that the situation involves 
more than just “tricks of the trade” to 
he learned on a co op job or after 
graduation. I’erhaps it is l)ecause of 
this need that .so many graduates of 
former years feel like mathematical 
illiterates and are expressing their de- 
sire for courses in advanced mathemati- 
cal methods from our evening colleges 
and industrial training programs. 

It is evident that effective applied 
mathematics in electrical engineering 


courses can be taught best by faculty 
members having training in both fields 
— a sort of “mathematical engineer.” 
At Cincinnati this is accomplished in 
two ways. Tht Department of Mathe- 
matics is large and its personnel has 
been selected from all fields of engi- 
neering and science, whereas the Elec- 
trical Engineering Department has sev- 
eral members who have special quali- 
lications in graduate mathematics. In 
addition, both departments have repre- 
sentation on the teachitig staff of the 
Graduate Department of Applied Sci- 
ence, thereby securing a fuller perspec- 
tive and appreciation of the need for 
both inter- and intra-departmental cor- 
relation. 

While there may be a diversity of 
opinion concerning the details of cur- 
ricula at jxarticular schools, there are 
underlying principles of correlation in- 
dependent of institutions. In addition 
to the natural coordination between 
classroom and laboratory courses in 
electrical engineering, there is an ever- 
growing need for judicious correlation 
with mathematics. Such correlation 
])ays great dividends in tljf amount of 
subject matter which can be covered 
adequately and effectively, a .situation 
which the present and future demand. 
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By V. G SMITH 

Professor of Electrical Enqtneerinq , Universitv of Toronto 


In speaking of “Engineering Mathe- 
matics** to a group composed largely 
of university teachers, one naturally 
tends to restrict the subject somewhat 
to the teaching of mathematics to engi- 
neering students. Most of my remarks 
will be along that line but T first wish 
to make a few general observations. 

Thinking of engineering mathe- 
matics, one might easily ask why the 
mathematics of engineering should be 
in any way special. The answer seems 
to be largely in the point of view. For 
engineers, mathematics is a tool used 
to find the answer to some question or 
questions and not an end in itself. 
They have at their disposal other 
means of finding answers to questions ; 
model construction, experimental meas- 
urement, and graphics, any and all of 
which are combined with each other 
and with mathematics. One of the arts 
of engineering is in deciding just what 
combination of methods will yield the 
required answers with the least total 
effort. 

Another respect in which engineer- 
ing mathematics differs is this. Ap- 
plied mathematicians frequently sim- 
plify a particular problem and find a 
general solution which covers a large 
number of cases, none of which quite 
agrees with the original problem. Such 
solutions are often of great utility and 

♦ Reprinted from the Proceedings of the 
Canadian Mathematical Congress, Montreal, 
June 1&-23, 1946. 


usually can be made the basis of more 
exact solutions by improved approxi- 
mations. The engineer, however, must 
usually, for economic reasons, secure a 
sufficiently exact numerical solution to 
a particular problem, however inelegant 
his methods. I have, for example, sev- 
eral times spent up to three weeks at 
six and three-quarter hours a day com- 
puting what the power system of the 
H.E.P.C. of Ontario would do in one 
second. Such problems account for the 
building of expensive network ana- 
lysers, differential analysers, and elabo- 
rate computing machines. 

Finally, in engineering mathematics 
the special cases and exceptions (which 
are often the most difficult part of 
formal mathematics) seldom arise. 
Thus an engineer is quite safe in tak- 
ing Fourier’s Theorem to be **Any pe- 
riodic, single-valued function may be 
expanded and I have never seen 

a practical case in which the remaindei 
of a Taylor’s series did not vanish 
when the series itself converged. This 
does not mean that the engineer should 
be left in ignorance of the exceptions; 
they should be pointed out, preferably 
with examples, but with very little time 
spent on them. 

While at the undergraduate level 
one can notice a great difference in the 
required mathematics of the various 
branches of engineering, this difference 
disappears at the graduate level. Mod- 
em electrical engineering seems to re- 
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quire a more extensive knowledge of 
mathematics than the other branches 
but they are rapidly catching up. A 
good communication specialist should 
have a sound working knowledge of 
circular, exponential, hyperbolic, and 
Bessel functions for real and complex 
variables, together with the differential 
equation and function theory l)ack- 
ground. Fourier analysis is essential 
and Laplace transforms or operational 
methods are desirable. Vector analysis 
is pre-requisite to electromagnetic the- 
ory and determinants and matrices are 
a necessary background. 

A word of caution might be in.serted 
here. We have been talking of a rather 
small class of engineers; the technical 
specialists, the research type. Often 
this is the only type in which riiathe- 
maticians are interested but there must 
be many engineers doing work of a 
lower mathematical standard, or even 
none at all, for each research engineer. 

Engineering* Physics at Toronto, 
Dr. Pall has asked me to say some- 
thing about the Engineering Physics 
Course at Toronto. This course was 
organized in 1935 and commenced that 
autumn with\sevcn students; last Sep- 
tember, forty-four students entered the 
course. Only students with first class 
honours in Grade XIII Mathematics 
and a high general average are ad- 
mitted, consequently the average abil- 
ity of the group is very high. There 
are, however, students just as able in 
the ordinary engineering courses, a fact 
which is sometimes overlooked. The 
first two years of the Engineering 
Physics Course are commpn but in the 
third year there is some division de- 
pending upon the fourth year option 
chosen. 

The engineering physics students 
take most of their mathematics and 
physics with the Arts mathematics and 


physics students and so absorb the at- 
mosphere and enthusiasm of the arts 
faculty for those subjects. On the 
other hand they spend most of their 
time with the engineering students and 
get the viewpoint of engineering. The 
net result is that they are highly critical 
of many features of both sides of the 
road; to the ultimate benefit, I am 
sure, of both. Certain it is that each 
engineering physics .student has to do 
a lot of weighing, comparing, and judg- 
ing that ordinary students of either 
arts or engineering never do. That 
these students are having an effect 
upon the ordinary engineering students 
is shown by student suggestions for 
course improvements and that they 
have an effect upon physics students 
is shown when ten arts students cro.'^s 
the road to take engineering lectures. 

There is no point in trying here to 
compare in detail the Engineering 
Physics Course with the other engi- 
neering courses but some remarks may 
be of interest. 

In the third and fourth year, sub- 
jects can be given to the Engineering 
Physics students which are too mathe- 
matical for the other courses, such as 
electromagnetic theory to the Elec- 
tricity and Communication Option. 
On the other hand that option misses, 
owing to lack of time, hydraulics, heat 
engines, business machine design, engi- 
neering law, and the lectures on alter- 
nating current machinery, but not the 
laboratory. Note that it is the me- 
chanical subjects which have suffered. 
Only a close study of the calendar will 
disclose all the differences. 

Personally, I regard the Engineering 
Physics Course as the best preparation 
we offer to men who have the neces- 
sary qualifications and who wish to be- 
come technically expert with a view to 
research work of some kind, though I 
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realize quite well that some of my col- 
leagues would disagree with me. The 
one universal criticism and real fault 
with the course is that it is too crowded 
and that the student does not have time 
to think I heheve that this is true, 
but just try to get agreement, even 
among the students, on the ])io|)er sub- 
jects to remove’ 

Undergraduate EnqincetuK} Mathe- 
matics. Before speaking on the sub- 
ject of undergiaduate engineering 
mathematics, I should state that T have 
never taught lirst or second year 
mathematics except incidentally in a 
course on electrical ciicuits and meas- 
urements. T am therefore speaking as 
one who is dealing with the product of 
the usual undergraduate mathematics 
course. 

It will he admitted In <ill concerned, 
I think, that the percentage of failures 
in the first year calculus and analytical 
geometry and in the second year cal- 
culus at Toronto is \ery high Prob- 
ably this is the same in other institu- 
tions. But we find the same thing oc- 
curring when dynamics and statics are 
taught from an analytical viewpoint 
and problems requiring real thinking 
are set. What then is the answer^ 

I never think of this question with- 
out coming to the conclusion that the 
range of student ability is too great 
for a single class and that there should 
be some form of separation into at 
least two groups, call them honours 
and pass or what you will. Some stu- 
dents complain that not enough new 
material is presented in the second 
year calculus and yet the failures are 
many. Some professors of mathe- 
matics and physics seem to feel that 
the elimination of these i)oor mathe- 
matical students from engineering is 
all to the good. In many cases this is 
true, but we must never forget that 


engineering is a broad field and many 
mathematically mediocre students of 
the past are doing excellent work in 
executive, manufacturings, and sales 
positions By the way, it does require 
a trained engineer to sell some engi- 
neering products intelligently. 

Apart from the range of ability I 
feel that one of the chief difficulties in 
teaching undergraduate engineering 
mathematics is the general lack of in- 
terest and enthusiasm on the part of 
engineering students for the subject 
Whether this fault lies with the stu- 
dents, the engineering staff, oi the 
mathematics staff I cannot undertake 
to say, for the engineering staff aiouses 
consideraI)le student interest in othei 
subjects and the mathematics staff cer- 
tainly arouses interest in mathematics 
among the engineering physics and arts 
students Probably the dice are loaded 
that way by the student selection of 
theii courses in the first place Hut 
aie there not ways of ‘arousing more 
interest in mathematics among engi- 
neering students? 

Why not introduce each new idea in 
an easily visualized physical problem? 
For example, differentiation as the 
problem of the policeman measuring 
the speed of an automobile going down 
the street or the problem of the sur- 
veyor measuring the slope of a hill, 
integration as the problem of finding 
the capacity of a wine cask. Personally 
I have always had extreme difficulty 
in learning any mathematics just be- 
cause I wanted to learn it, but have 
usually found it very easy when it was 
incidental to some physical problem 
Perhaps others are the same. 

The fundamental concepts of the 
elementary calculus are really quite 
easy to grasp but fraditionally the sub- 
ject is regarded as difficult, as a hurdle 
that must be jumped and then for- 



KN(;iNEERlNG MATHEMATICS 


[rotten. In the past both the staff and 
practising graduates of engineering 
liave not been guiltless of fostering this 
unfortunate tradition. Such ideas are 
now rapidly disappearing. To those 
teaching the elementary calculus may 
T suggest that they treat it from an 
aj^plication ])oint of view at first, tie it 
to physical problems, and make sure 
their assumptions corres])on(l closely 
to nature, and divorce it as much as 
j)ossible from geometry, which is itself 
difficult to many engineering minds, 
'['he separation of the calculus from 
physical j)roblems at a later stage 
should be more or less natural. Tn 
this way it is believed that a greater 
interest would be aroused. T really 
learned to appreciate what the calculus 
was all about in hydrostatics, working 
out centres of pressure, centres of 
buoyancy, etc. The integrations were 
simple enough and the o\'erall picture 
became clear. 

Tn teaching elementary differential 
equations always introduce three or 
four problems which depend upon its 
solution before finding the .solution. 
In more advanced work the jiroblems 
can be taken simply as examples. Thus 
in Bessel functions we may con.sider 
the Fourier analysis of an elliptical 
wave, the side bands of a frequency 
modulated signal, and any wave jirob- 
lem having cylindrical symmetry as 
typical examples. 

I realize, of course, that the question 
of physical problems is a delicate one. 
The mathematics teacher is often not 
too familiar with them, nor indeed too 
interested in them, and is always 
a bit afraid of stepping on someone’s 
toes should he choose dynamics prob- 
lems or electric circuit problems. 
Surely here is a place for cooperation 
between the staffs. 

Hdw about the early incidental use 
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of complex numbers and elementary 
complex functions in a purely formal 
manner, almost as though no special 
investigation were necessary? This 
.subject always seems to arou.se student 
interest and few special rules are in- 
volved ; and perhaps the mathemati- 
cians will deign to use the hated / 
(which was introduced by a mathe- 
matician), at least until the engineering 
profession has learned to use /. Hyper- 
bolic functions should be used freely. 
Define them and derive their pro])erties 
as you need them. Most students have 
short tables of these functions and are 
inquisitive about them. Why should 
integrals which arc most naturally ex- 
pressed in hyperbolic functions or their 
inverse, be always expressed as com- 
binations of exponentials or com])li- 
cated logarithms ? 

Many students fail in calculus in part 
at least becau.se of lack of facility in 
algebra. A brief review of the laws 
of algebra does. 1 know, arouse in- 
tere.st, especially as emphasis can be 
laid upon the i)hilosoi)hy of the .steps 
from arithmetic algebra to symbolic 
algebra and from po.sitive integral in- 
dices to fractional and negative indices, 
including the binomial theorem, which 
mo.st students have never taken gen- 
erally. Later the exponential and 
logarithmic functions can be derived 
without too much attention to rigour 
and the calculation of some logarithms 
set as an exercise. These things can 
be done in an incidental manner and 
need not absorb too much time. 

I firmly believe that every mathema- 
tician should do some calculating for 
the good of his soul. Often a clearer 
understanding of a problem is obtained 
in this way than can be obtained in 
any other. Many correct formulas are 
unsuited to computation and much in- 
genuity is often needed to overcome 
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this. One of the first shocks that many 
mathematicians experience is to find 
that convergent series are usually quite 
useless for practical computations. 
Engineering students in particular re- 
quire numerical examples. If the prob- 
lem has an algebraic solution, particu- 
lar numerical cases should be worked 
out or set as problems. 

The arousing and maintaining of 
interest in mathematics is one of the 
chief problems in teaching engineering 
students. Perhaps some of the sug- 
ge.stions made here will help. 

Lastly there is one ridiculous ob- 
stacle to mathematics for many engi- 


neering students; the Greek alphabet. 
The late Professor T. R. Rosebrugh 
introduced the so-called general circuit 
constants into electrical engineering 
and called them o, y, 8. Some 
years ago I .suggested to him that he 
change to a, b, c, d, as had become 
common usage elsewhere, on the 
grounds that whereas the average stu- 
dent knew no Greek, he was supposed 
to know his a, b, c’s. The scheme 
seemed to work. I suggest that each 
engineering student be required to 
memorize the Greek alphabet and learn 
how to write it himself. Ridiculous 
as it is, I think it would helj). 



Teaching Engineering Gyroscopics 

By WILLIAM R WEEMS 

Assistant Professor of Aeronautical Enqtneertng, Massachusetts Institute of Technology 


Although the gyroscope is familiar 
lo everyone as a toy and to some as a 
mathematical exercise, its practical ex- 
ploitation has been in progress only 
since early in the 20th century. Never- 
theless, it has already achieved general 
acceptance as being uniquely qualified 
to perform many essential functions. 
At the same time, there seems to be a 
widespread feeling, even among ^sngi- 
neers, that there is something mys- 
lerious about a gyroscope. Many do 
not make any attempt to understand it 
and teachers are handicapped by pau- 
city of text material and the general 
mental block that seems to spring up 
whenever three-dimensional problems 
are encountered. 

In view of the ever-increasing impor- 
tance of gyroscopes, it is likely that 
more and more teachers will be includ- 
ing a treatment of gyroscope theory in 
their courses. Therefore, it may be 
helpful to consider briefly the approach 
that has been evolved at where 

gyroscopic theory has been taught and 
utilized in research and development 
projects for a number of years. This 
approach is embodied in the unique 
presentation of gyroscopic theory which 
has been developed by Dr. Q. S. Draper, 
Director of the Instrumentation Lab- 
oratory at M.I.T. It effectively re- 
moves the aura of mystery from the 
gyroscope and transforms it into an 
i easily understood and precise element 
of instrumentation. 


This presentation is characterized by 
an initial analysis of the most general 
gyroscope situation of engineering in- 
terest, from which all subsequent ap- 
idications of the gyroscope can be ex- 
plained by specialization. Thus the 
student is helped to understand each 
gvro device studied and to relate each 
to the others, keeping in mind always 
the essential physical laws common to 
all g>roscopes. This is in contrast to 
the lack of perspective, if not actual 
confusion, resulting from the more usual 
presentation of the subject, wherein 
each application is analyzed as an iso- 
lated problem. 

The obvious advantages of the gen- 
eralized presentation might be seriously 
diminished by its complexity if it were 
not for the use of methods designed or 
chosen to assist the mind in handling 
the three-dimensional concepts in- 
volved. The word three-dimensional 
should be stressed because it appears 
that all of the common difficulties en- 
countered in teaching the subject have 
their roots in the fact that it deals with 
three dimensions simultaneously, while 
the students are generally unfamiliar 
with reasoning in more than two di- 
mensions. The methods used assist the 
mind by : 

(1) Simplifying the graphic repre- 
sentation of the problem. 

(2) Releasing the mind from the 
limitations of having to think in 
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ternib of components along co- 
ordinate axes, so that it can con- 
centrate on the physical aspects 
of the problem. 

(3) Incor])orating a system of sym- 
bols which imj)hes the essential 
qualities of the physical quan- 
tities involved, including simi- 
larities and diflPerences among 
them. 

Item (1), simplification of the 
graphic presentation, is accomplished 
first of all through the representation 
of essential quantities as vectors, using 
the usual right hand sense rule Thus, 
a torque is represented by a \ector 
along its axis and is referred t(^ 4 s a 


torque “about such and such an axis” 
rather than a torque “in such and such 
a plane.” Only those who have tried 
to draw free hand sketches of gimhal 
systems and gyro wheels on short notice 
can appreciate fully the simplification 
that can be eflfected by reducing every- 
thing with vector properties to actual 
vectors in the graphical representation. 
A second type of simplification is ef- 
fected in the mathematical analysis by 
the free use of Euler’s angles to ex- 
press the 1 elationships among the vari- 
ous frames of reference that are re- 
quired in analyzing the gyroscope. 

Item (2) is accomplished by utilizing 
the powerful notation of vector analy- 
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Although this is unfamiliar to 
many engineering students, a little |)rac- 
tice in the simpler aspects of it normally 
serves to win them over to its great 
utility in doing the bookkeeping of 
components and trigonometric resolu- 
tions automatically. Actually, the only 
vector operations that are required 
are addition and subtraction, scalar and 
vector products, and differentiation of 
a vector; the more difficult operations 
used in analyzing field problems are 
not needed. 

Item (3) refers to a sytem of sym- 
bols involving multiple subscripts. It is 
beyond the scope of this pajjcr to go 
into the details of the system, but the 


basic idea of multiple subscrij)ts is 
commonly known. The involved dy- 
namical and geometrical situations con- 
nected with gyroscopic analysis merely 
call for a certain degree of codification 
of the system in seeking the maximum 
utility. 

It may seem to one not familiar with 
the situation that the type of presenta- 
tion outlined would require the devo- 
tion of an undue proportion of the 
time to familiarizing the student with 
fundamental concepts implicit in the 
notation and symbols used. It is true 
that a considerable proportion of the 
time has to be spent on these funda- 
mentals. But it has been found that. 



3i6 


TEACHING ENGINEERING GYROSCOPICS 



Fir 3 


instead of hindering, this actually helps 
the student in obtaining a clearer and 
firmer understanding of the gyroscope 
within the allotted time Once these 
fundamentals ha\e been mastered, foi 
example, the key to almost all engineer- 
ing analyses involving the gyroscope is 
the simple and concise equation 

“^(app) ~ ^ in ^ ^ 

In this expression, M(ftpp) is the ap- 
plied torque, M'm is the angular veloc- 
ity of the inner gimbal with respect to 
inertial space and H is the angular mo- 
mentum of the gyroscope (all vector 
quantities). 


If It IS gi anted, then, that the analy- 
sis of an inherently three-dimensional 
pioblem properly involves the use of 
three-dimensional tools, even though 
they may be unfamiliar at first, there 
still remains the pedagogical problem of 
how to get these unfamiliar ideas across 
with the minimum of confusion The 
principal difficulty does not he in the 
notation of vector analysis itself ; there 
are numerous good references on this 
subject, and a rather shallow penetra- 
tion of them is adequate for this pur- 
pose The real difficulty lies in visu- 
alizing and organizing the three-dimen- 
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^ional picture. This applies particularly 
lo the familiarization with Euler's an- 
j^^les and the derivation of the various 
sets of transformation equations in- 
volved in referring vector quantities 
expressed in terms of different sets of 
coordinates related by Euler’s angles. 
Most teachers, and certainly most .stu- 
dents taking notes, are not good free- 
hand artists. Our blackboards and 
note paper are definitely two-dimen- 
sional. Indeed it is quite possible, es- 
pecially at the beginning of. a course, 
for the teacher to draw what he con- 
siders a clear sketch of a three-dimen- 
sional situation and then have to spend 


half of the hour dispelling the optical 
illusions of various students. 

A satisfactory answer has been found 
in the use of a few three-dimensional 
models, fortified by mimeographed 
sketch sheets supplied to the student. 
These sketch sheets furnish the student 
the same basic construction lines the 
teacher habitually uses in sketching 
situations on the blackboard. One of 
the blank sketch sheets is illustrated 
in Fig. 1. Fig. 2 depicts the same sheet 
containing a sketch used in a classroom 
derivation. To assist instructors in 
preparing sketches for classroom pres- 
entations wliich will be neat and easily 
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copied on the students’ sketch sheets, 
there has even been prepared a spe- 
cial light blackboard panel about three 
feet square, with permanent sketch 
guide lines on it. These guide lines 
are an enlargement of those on the stu- 
dents’ sketch sheets and are drawn on 
the black surface with india ink, so that 
they are quite clear to one close up but 
not noticeable to one a few feet away. 

In illustrating lectures and in actually 
working out certain basic three-dimen- 
sional resolutions, the space models of 
Figs. 3 and 4 are used. These models 
show a set of reference axes (X, Y, Z 
of Figs. 1 and 2), with another set of 
axes (x, y, z) arbitrarily oriented with 
respect to them. The angles used to re- 
late the two sets of axes are Euler’s 


angles. Fig. 3 depicts a model in which 
the various lines are represented by 
metal rods which actually move in ap- 
propriate sets about the correct axes 
to duplicate, within the limits of me- 
chanical interference, the angular dis- 
placements represented by the three 
Euler’s angles. In Fig. 4, all rods are 
fixed, allowing the attachment of trans- 
parent panes to assist the eye in organ- 
izing the picture. These panes furnish 
a convenient means of labeling the an- 
gles, and the fixed rods are useful for 
illustrating trigonometric resolutions 
by means of colored adhesive tapes 
stretched from point to point. In both 
models vivid and contrasting colors are 
utilized to aid the eye in seeing the axes 
in sets. 


TEACHING ENGINEERING GYROSCOPICS 


319 


The most useful model of all — one 
which is used during all phases of the 
subject — is the one illustrated in Fig. 
5. This is a working model gyroscope 
which operates on ordinary 60 cycle 
current and which is designed specifi- 
cally for tlie teaching jol). It makes use 
of vivid colors to differentiate the vari- 
ous frames and is fitted with a number 
of attachments which provide means 
for applying toniues to the gyro ele- 
ment, means for measuring angular 
displacements, and means for altering 
the non-rotating inertias by definite 
amounts. Provision is made, also, for 
locking any two consecutive frames to- 
gether as desired and for orienting the 
gimbal system in various ways with 
respect to tlie vertical. The rotor is 
a heavy wheel that rotates slowly 
enough that a reference stripe on it 
can be seen by the students at all times. 
This slow si)eed is used primarily to 
enable an observer to sense the 
direction and sj^eed of rotation, but 
has a secondary advantage in that 


it causes the nutational frequencies 
to be low enough for oscillations to be 
timed by u.se of visual observations and 
a stopwatch in covering that aspect of 
gyroscopics. The demonstration gy- 
roscope is used, not only to illustrate 
lectures, but also in the laboratory for 
experiments which emphasize the quan- 
titative aspects of gyroscope theory. 
For this purpose, the gyro model is 
used in conjunction with a motor- 
driven turntable for furnishing forced 
precessions. It is usual, and of course 
highly desirable, for the students tak- 
ing the theoretical work on gyroscopics 
to take a concurrent laboratory course 
which contains a number of experiments 
designed to buttress the theoretical 
coverage. 

Another short article, describing 
these teaching aids in more detail, is 
contemplated for the near future. 
Que.stions, criticisms and suggestions 
are invited, as the\ will be helpful in 
its preparation. 



Comments on Mechanics Analysis 

By R M COOK 

A^ustant Profc^w} of Civil Enqtneertnq, Northwestern University 


Professoi Wyl}'s notes on the phi- 
losophy of stress analysis in the Jour- 
nal OF Engineering Education, Vol 
37, April, 1947, needs some comment. 
While no one can disagree with his 
emphasis on the importance of signs 
in the analysis of indeterminate prob- 
lems such as the bent illustrated in 
Fig. 2 of his article the writer wonders 
if the emphasis placed on the impor- 
tance of signs in the analysis of the 
simple problems is justified 

Signs in the writer’s viewpoint are 
a necessary evil of much of the theoreti- 
cal work of the engineer Signs are 
given to moments, forces and rotations 
in those cases when there is doubt as 
to the direction of the moment, force 
or rotation. 

In the case of the simple beam where 
the direction and magnitude of the re- 
actions are practically obvious, signs in 
the writer’s experience are “confusers” 
and ‘‘mistake makers.” Part of this 
viewpoint from the writer’s standpoint 
is due to his concept of the equilibrium 
relations which he wishes to emphasize 
here. 

Primarily the equations 2M = 0, 
SF = 0, and = 0 are ‘‘balancing 
equations.” In other words they say 
(1) that the sum of the moment of 
forces about one axis in one direction 
must be balanced by an equal sum of 
moment of forces in the opposite direc- 
tion about the same axis, (2) that the 
sum of forces pushing a body up must 


be equal and balance the sum of the 
forces pushing the body down, (3) that 
the sum of the forces pushing a body 
to the lejt must be equal and balance 
the sum of the forces pushing the body 
to the right 

lOLb. 

A 1 D 

f— I 

Fig 1. 

The writer has felt for many years 
that our textbooks lose this visual con- 
cept of “balance” that is so important 
in the analysis of problems in statics 
by cluttering up our equations with a 
large group of numbers equal to 0. 
We would do better to write our equa- 
tions as balancing equations placing 
our equal sign in the middle. 

For illustration let us look at the 
simple beam of Professor Wyly’s 
article (Fig. 1). 

If the support at A were removed 
the beam would collapse but the col- 
lapsing would be in the form of rota- 
tion about B (Fig. 2). Therefore it 
seems very logical to “balance” mo- 
ments of forces about an axis through 
B to determine the force needed at A 
to place the beam in equilibrium. The 
equation = 0 would then be writ- 
ten as a balancing equation 10 X 6 = 
Va X 10, solving tl]fn = 6 lbs. and 
the direction of Va is such as to pre- 
vent rotation of the beam about B, 
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“Balancing” vertical forces then, 10 
lbs. acting down must be balanced by 
10 lbs. acting up, then 10 = 6+ Vj, 
or Fb = 4 lbs. acting up as shown in 
Fig. 3. 


10 Lb. 



/ 

/ 
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I^Lb. 

Va- 6Lb.f tvB>4Lb. 

Fig 3 

The statement in most mechanics 
books that counter-clockwise moment 
is to be considered positive, the writer 
believes is confusing to students, for in 
their strength of materials course and 
structural courses they find other con- 
ditions govern the sign of moments of 
forces. The writer, therefore, believes 
that this statement could be omitted 
from mechanics books and emphasis 
placed on conditions of balance rather 
than signs. 

To carry this concept of balance a 
little further models of some simple 
structures have been found helpful. If 
the student can properly visualize the 
action of a structure upon the removal 
of a constituent member the proper' 
axis about which to balance moment of 
forces is practically obvious as that 
axis about which the structure would 
rotate in collapsing. 

For example, Fig. 4 is a simple Pratt 
through bridge truss with a load at 
joint D. 


If we wish to know the force in 
member CD just remove member CD 
and note the collapse of the structure. 
In collapsing the structure would some- 
time assume the shape in Fig. 5. It 
seems obvious that member CD is a 
tensile member and that the normal 
axis through joint A is the proper axis 
about which moment of forces should 
be balanced to determine the force in 
CD. 




The writer has developed a model 
for use with students in mechanics to 
illustrate this point and other points. 
The model is a small Pratt truss with 
flexible members any or all of which 
can be blocked out with solid members. 

Fig. 6 is a photograph of the model 
with a load at joint G showing the 
sag of the whole structure, compression 
in the top chord, tension in the lower 
chord, and the tension and compression 
coming in the diagonals and verticals. 
The model exaggerates the deformation 
and is used purely for illustration 
purposes. 

Fig. 7 is a photograph of the model 
with every member blocked out with 
solid members, except member DF. 
As the structure is collapsing by rota- 
tion about an axis through joint G, 
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it would be logical to balance the nio 
ments of forces about this axis to deter 
mine the foice in DF 

While the principles presented in 
this article aie not particularh new 
the writer believes they are extremely 
helpful to the beginning student in me 
chanics and should be emphasized 


While no one can aigue the impor- 
tance of the proper handling of signs in 
indeterminate stress anahsis using the 
Moment Area or Slope Deflection rela- 
tions, the writei believes that training 
in visualization and application of the 
principle of balance thereto is of prime 
importance in the field of mechanics 



Canons of Ethics for Engineers 


The Callous of lit hies for Engineers 
were prepared by the Committee on 
Principles of Engineering Ethics of the 
Engineers* Council for Professional De- 
velopment. Members of this commit- 
tee, representing all of the constituent 
societies, collaborated in the prepara- 
tion of the final draft. The Canons 
have been approved by the Council of 
the Engineers* Council for Professional 
Development and 7vill be officially 
adopted when approved by the constit- 
uent societies. They were approved by 
the General Council of the American 
Society for Engineering Education at 
its meeting in Washington on Novem- 
ber 11, 1947. 

Foreword 

Honesty, justice and courtesy form 
a moral philosophy whicli, associated 
with mutual interest between men con- 
stitutes the foundation of ethics. The 
engineer should recognize such a stand- 
ard, not in passive observance, but as a 
set of dynamic principles guiding his 
conduct and way of life. It is his duty 
to practice his profession according to 
these Canons of Ethics. 

As the keystone of professional con- 
duct is integrity, the engineer will dis- 
charge his duties with fidelity to the 
public, his employers and clients, and 
with fairness and impartiality to all. 
It is his duty to interest himself in pub- 
lic welfare, and to be ready to apply his 
special knowledge for the benefit of 
mankind. He should uphold the honor 
and dignity of his profession and also 
^ avoid association with any enterprise 


of questionable character. In his deal- 
ings with fellow engineers he should 
be fair and tolerant. 

Pro fessio n al Li fe 

Sec. 1. The engineer will cooperate 
in extending the effectiveness of the 
engineering profession by interchang- 
ing information and experience with 
other engineers and students and b}" 
contributing to the work of engineer- 
ing societies, schools and the scientific 
and engineering press. 

Sec. 2. He will not advertise liis 
work or merit in a self-laudatory man- 
ner, and he will avoid all conduct or 
practice likely to discredit or do injury 
to the dignity and honor of his ]:)rofes- 
sion. 

Relations with the Public 

Sec. 3. The engineer will endeavor 
to extend public knowledge of engineer- 
ing, and will discourage the spreading 
of untrue, unfair, and exaggerated 
statements regarding engineering. 

Sec. 4. I [e will have due regard for 
the safety of life and health of the pub- 
lic and employees who may be affected 
by the work for which he is responsible. 

Sec. 5. He will express an opinion 
only^ when it is founded on adequate 
knowledge and honest conviction while 
he is serving as a witness before a 
court, commission or other tribunal. 

Sec. 6. He will not issue ex parte 
statements, criticisms or arguments on 
matters connected with public policy 
which are inspired or paid for by pri- 
vate interests, unless he indicates on 
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whose behalf he is making the state- 
ment. 

Sec. 7. He will refrain from express- 
ing publicly an opinion on an engineer- 
ing i)ubject unless he is informed as to 
the facts relating thereto. 

Relations with Clients and 
Employers 

Sec. 8 The engineer will act in pio- 
fcssional matters for each client or em- 
ployer as a faithful agent or trustee 

Sec. 9. He will act with fairness and 
justice between his client or employer 
and the contractor when dealing with 
contracts. 

Sec. 10. He will make his status 
clear to his client or employer before 
undertaking an engagement if he may 
be called upon to decide on the use of 
inventions, apparatus, or any other 
thing in which he may have a financial 
interest. 

Sec. 11. He will guard against con- 
ditions that are dangerous or threaten- 
ing to life, limb or property on work 
for which he is responsible, or, if he is 
not responsible, will promptly call such 
conditions to the attention of those who 
are responsible. 

Sec. 12. He will present clearly the 
consequences to be expected from de- 
viations proposed if his engineering 
judgment is overruled by non-technical 
authority in cases where he is respoti- 
sible for the technical adequacy of engi- 
neering work. 

Sec. 13. He will engage, or advise 
his client or employer to engage, and 
he will cooperate with, other experts 
and specialists whenever the client's 
or employer's interests are best served 
by such service. 

Sec. 14. He will disclose no infor- 
mation concerning the business affairs 
or technical processes of clients or em- 
ployers without their consent. 


Sec. 15. He will not accept compen- 
sation, financial or otherwise, from 
more than one interested party for the 
same service, or for servjces pertaining 
to the same work, without the consent 
of all interested parties. 

Sec. 16. He will not accept commis- 
sions or allowances, directly or indi- 
rectly, from contractors or other par- 
ties dealing with his client or employer 
111 connection with work for which he 
is responsible. 

Sec. 17. He v^ill not be financially 
interested in the bids as or of a con- 
tractor on competitive work for which 
he is employed as an engineer unless 
he has the consent of his client or em- 
ployer. 

Sec. 18. He will promptly disclose 
to his client or employer any interest 
in a business which may compete with 
or affect the business of his client or 
employer. He will not allow an inter- 
est in any business to affect his deci- 
sion regarding engineering work for 
which he is employed, or which he may 
be called upon to perform 

Relations with Engineers 

Sec. 19. The engineer will endeavor 
to protect the engineering profession 
collectively and individually from mis- 
representation and misunderstanding. 

Sec. 20. He will take care that credit 
for engineering work is given to those 
to whom credit is properly due. 

Sec. 21 . He will uphold the principle 
of appropriate and adequate compensa- 
tion for those engaged in engineering 
work, including those in subordinate 
capacities, as being in the public in- 
terest and maintaining the standards 
of the profession. 

Sec. 22. He will endeavor to pro- 
vide opportunity ^f or the professional 
development and advancement of en- 
gineers in his employ. 
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Sec. 23. He will not directly or in- 
directly injure the professional repu- 
tation, prospects or practice of another 
I engineer. However, if he considers 
fthat an engineer is guilty of unethical, 
illegal or unfair practice, he will pre- 
sent the information to the proper au- 
! ihority for action. 

Sec. 24. He will exercise due re- 
[ straint in criticizing another engineer’s 
work in public, recognizing the fact 
that the engineering societies and the 
engineering press provide the proper 
forum for technical discussions and 
criticism. 

Sec. 25. He will not try to supplant 
another engineer in a particular em- 


ployment after becoming aware that 
definite steps have been taken toward 
the other’s employment. 

Sec. 26. He will not compete with 
another engineer on the basis of charges 
for work by underbidding, through re- 
ducing his normal fees after having 
been informed of the charges named 
by the other. 

Sec. 27. He will not use the advan- 
tages of a salaried position to compete 
unfairly with another engineer. 

Sec. 28. He will not become associ- 
ated in responsibility for work with en- 
gineers who do not conform to ethical 
I)ractices. ^ 


Sections and Branches 


The Ninth Annual Meeting of the 
North Mid-West Section of the 
\nierican Society for lingineering 
Education was held in Milwaukee, 
Wisconsin, on October 17 and 18, with 
Marquette University acting as hosts. 
Rev. P. A. Brooks, S.J., President of 
Marquette University, delivered the 
welcoming address at the banquet. 
Other speakers included B. G. Elliott 
on the “Faculty Viewpoint on Engi- 
neering College Problems,” in which 
lie gave a report of the findings of the 
University of Wisconsin College of 
Engineering Planning Committee, and 
A. von Wening, Vice President and 
Controller of the A. O. Smith Cor- 
poration, on the “Place of the Engineer 
m Industry.” 

The new officers for the North Mid- 
West Section include F. L. Partlo, 
Chairman; C. J. Posey, Vice Chair- 
man; and S. R. Price, Secretary and 
Treasurer. The following board mem- 
bers were elected: D. W. Nelson, E. 


W. Johnson, R. O. Kallenberger, and 
H. J. Stoever. 

Technical papers included the fol- 
lowing : 

Civil Engineering: “The Practical As- 
pects of Soil Mechanics,” Albert T. 
Bleck; “Soil Mechanics as Taught 
at the University of Wisconsin,” 
George W. Washa ; “Undergraduate 
and Graduate Courses in Soil Engi- 
neering at Iowa State College,” M. 
G. Spangler. 

Electrical Engineering : “Some Aspects 
of Charged Particle Machines,” 
Walther Richter; “Measuring and 
Photographing Periodic Transients,” 
C. J. Schjonberg; “Popularizing the 
Study of Magnetic Fields,” J. F. H. 
Douglas. 

Engineering Drawing: Round Table 
Discussion of Topics Relevant to 
the Teaching of Engineering Draw- 
ing. 1. Psychological Impact of 
Drawing on the Student Body. 2. 
When do Fundamentals End and 



COLLEGE NOTES 


326 

Specialization Begin? 3. Theory 
and Practice of Engineering Draw- 
ing. 

Mechanical Engineering. “Industrial 
Viewpoint on Shop Courses,” Rich- 
ard Falk; “Is the Second Law In- 
dispenable in h'ngmeering I'henno- 
dynaniics,” If. J. Stoever; “Appli- 
cation of Fluid Mechanics to 


Machinery,” Walter Ferris ; “Con- 
siderations in the Teaching of Ad- 
vanced Machine Design,” R. J 
Harker. 

Theoretical and Applied Mechanics,^ 
and Mathematics: “The Closer Rela- 
tions of the Mathematics and Me- 
chanics Departments,” George C 
Pnester. 


College Notes 


The addition this October of nearly 
150 new members brought the Uni- 
versity of Illinois College of Engi- 
neering faculty to 468, the largest in 
its history. Appointments to the vari- 
ous professorial ranks include the fol- 
lowing: as professor of ])hvsics, and 
dean of the graduate school of the Uni- 
versity, Dr. I.OUIS N. Ridenour; as 
visiting research professor in theoreti- 
cal and applied mechanics, Dr. A M 
Freudenthal ; as special leseaich pro- 
fessor in ceramic engineering, Dr, W 
R. Morgan; as professor of physics, 
Dr. A. T. Nordsieck; as part-time lec- 
turer and research consultant in clay 
mineralogy in the department of civil 
engineering. Dr. R. E Grim, photog- 
rapher and principal geologist of the 
Illinois State Geological Survey ; as 
associate professors in various cate- 
gories — W. L. Hull, Everett Lai tala 
and L. C. Pigage (mechanical engi- 
neering), Dr. H. L. f^anghaar (the- 
oretical and applied mechanics), and 
Dr. Henry Quastler ( radiobiology, un- 
der physics) ; as assistant professors in 
various categories — G. F. Stockdale 
(ceramic engineering), L. G. Alex- 
ander (chemical engineering research), 
W. H. Munse, J. C. Dietz, E. R. 
Bretscher and E. J. Daily (civil engi- 
neering), Thomas A. Murrell (elec- 


trical engineering), Harry Czyzewski 
(metallurgicah engineering), and R. D 
Hill and Di R D. RauclifFe (phys- 
ics) The foregoing will engage in re- 
search, at least part-time 

Additions to the teaching staff in- 
clude: In aeronautical engineering, As- 
sociate Professor F R Stienhacher and 
'\ssistant Professor Jac(|ue Houser; in 
electrical engineering. Assistant Pro- 
fessors D S Bahh, J R. Barkson 
W. H Byers, P K. Hudson, J. P 
Neal, and H D. Webb; in mechanical 
engineering, Assistant Professor R. N 
McDonald ; in theoretical and applied 
mechanics. Professor N O. Myklestad 
Professor Harold L Walker, head 
of the department of mining and metal- 
lurgical engineering, returned in Octo- 
ber from leave granted in April so that 
he might fulfill Governor Dwight 
Green's request that he serve as acting 
director of the State Department of 
Mines and Minerals. 

Progress is being made in the con- 
struction of new buildings for the me- 
chanical and electrical departments. 
The former staff hopes to have its 
structure available before February 
1949. The electgcal engineering build- 
ing may be ready by September 1948. 
The mechanical building has a net floori 
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space of approximately 72,000 square 
feet, the electrical building of approxi- 
mately 60,000. 

The University of Illinois College of 
J luigineeriiig recently reported to the 
Engineering Experiment Station Rec- 
ord data on more than a dozen major 
projects, some new and some entering 
on significant new phases. These in 
elude betatron, cyclotron, highwa\ 
drainage, and other investigations. 

Cornell University announced the 
establishment of an endowed professor- 
ship of metallurgical engineering named 


for Francis Norwood Bard, owner of 
the Barco Manufacturing Company of 
Chicago. Mr. Bard made the formal 
pre.sentation of a $250,000 fund to en- 
dow the professorship at a dinner in 
his honor. 

The university also announced the 
a])pointment of i^rofes.sor Peter K. 
Kyle as the first occupant of the chair, 
and redesignation of the School of 
Chemical Engineering as the School 
of Chemical and Metallurgical Engi- 
neering to place new emphasis on in- 
struction and research in metallurgical 
engineering. 


New Members 


Anderson, Howard B., Instructor in Mathe- 
matics, Michigan College M. & T., Hough- 
ton, Mich. J. M. Harrington, W. A 
Longacrc. 

Anderson, W. Carmsi.f, Assistant Profes- 
sor of Engineering Drawing, Univ. of 
Okla., Norman, Okla. J’’ S. Koop, R. V. 
James. 

Appelgate, James M , Teaching Assistant, 
General Engineering, Univ. So. Calif., Los 
Angeles, Calif. K. C'. Reynolds, L. R. 
Schruben. 

Rakalek, Arnold, j., Instructor in Techni- 
cal Drawing, 111. Inst. Tech., Chicago, III. 

I. L. Hill, II. C. Spencer. 

Bell, Joseph H., Instructor in Mechanical 
Engineering, Okla. A. & M. College, Still- 
water, Okla. R. R. Irwin, E. R. Stapley. 
Black, Winston E. Assistant Professor 
T. & A. M., Univ. of Illinois, Urbana, III. 

J. O. Smith, W. L. Collins. 

Bock, Lester G. Lecturer in Mechanical 
Engineering, Univ. So. Calif., Los Angeles, 
Calif. E. K. Springer, T. T. Eyre. 

Bone, Harold K., Assistant Professor of 
Engineering Drawing, Univ. of Okla., 
Norman, Okla. F. S. Roop,*R. V. James. 
Byers, Norman R., Instructor in Machine 
Design, Kansas State College, Manhattan, 
Kansas. J. N. Wood, R. F. Morse. 
Cheadle, j. N., Instructor in Electrical En- 
gineering, S. D, State College, Brookings, 
S. D. E. E. Johnson, W. H. Gamble. 


Clark, John R., Assistant Professor of 
Electrical Engineering, Purdue Univ., 
Lafayette, Ind. L E Beck, D. T. Canfield. 

Daascu, Harry L., Prof and Chairman, 
Dept. Mech. & Ind. l^ng., Univ. of Kansas, 
Lawrence, Kansas. Re-admission. 

DeLee, John L.‘, Assistant Professor of En- 
gineering Drawing, Rensselaer Poly. Inst., 
Troy, N. Y. H. B Howe, H. O. Sharp. 

Dreher, George K , Executive Director, 
Foundry Educational Foundation, Cleve- 
land, Ohio. P. E Kyle, F. H. Rhodes. 

Farrar, Clyde L , Professor of Electrical 
Engineering, Univ. of Okla., Norman, 
Okla. F. S. Roop, R. V. James. 

Foner, David N., Instructor in Civil Engi- 
neering, Sw'arlhmore College, Swarthmore, 
Pa. S. B. I Ally, S. T. Carpenter. 

Frash, Edwin S., Assistant Professor of 
Mechanical Engineering, Univ. of Flor- 
ida, Gainesville, Fla. F. H, Pumphrey, 
Jos. Weil. 

Gerhard, Sherman L., Assistant Professor 
of Physics, New^ark College of Eng., 
Newark, N. J. P. O. Hoffmann, F. D. 
Carvin. 

Gray, Charles H., Head, English Dept, 
Rensselaer Poly. Inst., Troy, N. Y. F. 
Abbuhl, J. R. Gould. 

Hawk, Harold W., Instructor in English, 
University of Colorado, Boulder, Colo. 
W. O. Birk, C. L. Eckel. 



328 


NEW MEMBERS 


Hawkins, Harold V., Professor of Civil 
Engineering, 111. Inst. Tech., Chicago, 111. 
E. 1. Fiesenheiscr, P. C. Huntly. 

Hecker, Chari.es H., Professor of Chemical 
Engineering, Clarkson College of Tech., 
Potsdam, N. Y. J. H. Daves, W. H. 
Allison. 

Houghton, Richard W., Instructor in 
Electronics, Wentworth Institute, Boston, 
Mass. M. N. Anlin, C. W. Tudbury. 

Kezios, Stothe P., Instructor in Mechanical 
Engineering, 111. Inst. Tech., Chicago, 111. 
R. A. Budenholzer, R. L. Rose. 

Langford, Joseph W., Assistant Professor 
of Electrical Engineering, Univ. of Mass., 
Amherst, Mass. (i. A Marston, J. D. 
Swenson. 

Livingston, Noyes B., Assistant Professor 
of Engineering, Texas College of A. & L, 
Kingsville, Texas. F. W. Hotter wert, 
E. Koryes. 

Lothers, John E., Professor of Architec- 
ture, Okla. A. & M. College, Stillwater, 
Okla. R. G. Saxton, R. L. Flanders. 

Lucas, James H., Associate Professor of 
Civil Engineering, Georgia School of 
Tech., Atlanta, Ga. T. H. Evans, J. M. 
Smith. 

Mason, James H., Lecturer in General En- 
gineering, Univ. So. Calif., Los Angeles, 
Calif. D. M. Wilson, A. Hansen. 

Maxey, Russell B., Associate Professor of 
Civil Engineering, Univ. of So. Car., Co- 
lumbia, S. C. C. R. McMillen, R. L. 
Sumwalt. 

McFarland, Dalton E., Instructor in En- 
gineering Administration, Mich. College 
M. & T., Houghton, Mich. S. R. Price, 
E. J. Townsend. 

Means, R. E., Professor of Architecture and 
Civil Eng., Okla. A. & M. College, Still- 
water, Okla. E. R. Stapley, R. L. Flanders, 

Miller, Charles M., Professor of Engineer- 
ing, University of Wichita, Wichita, Kan 
sas. L. E. Conrad, R. F. Morse, 

Mobley, Gordon S., Assistant Professor of 
Civil Engineering, Univ. of Florida, Gaines- 
ville, Fla. C. D. Allen, F. H. Pumphrey. 


Monk, Clarence B. Instructor in T. & 
A. M., University of Illinois, Urbana, 111. 
W. M. Lansford, W. L. Collins. 

Owen, William S., Dean of Faculty, Pro- 
fessor Naval Arch., Webb Inst, of Naval 
Arch., New York City. ^ L. J. Ballard, 
E. H. Young. 

Powers, Dean A., Assistant Professor of 
Electrical Engineering, Univ. of Toledo, 
Toledo, Ohio. E. O. Scott, J. B. Brand- 
berry. 

Rice, Pkklival S., Assistant Professor of 
Civil Engineering, Tufts College, Med- 
ford, Mass. E. F. Littleton, W. E 
Farnham. 

Schlemmer, Alfred E., Instructor in Me- 
chanical Engineering, Okla. A. & M. Col- 
lege, Stillwater, Okla. R. R. Irwin, E. R 
Stapley. 

Smith, Thomas N., Instructor, Mich. Col- 
lege M. & T., Houghton, Mich. S. R. 
Price, E. J. Townsend. 

Snowden, James R., Assistant Instructor, 
T. & A. M., University of Illinois, Urbana, 
111. W. J. Worley, J. O. Drafhn. 

Spielman, Maurice, Instructor in Mechani- 
cal Engineering, 111. Inst, of Tech., Chi 
cago, 111. R. A. Budenholzer, J. C. Peebles. 

Steele, Robert R., Instructor in Engineer- 
ing Drawing, Tufts College, Medford, 
Mass. E. F, Littleton, W. E. Farnham. 

Stern, G. Perry, Associate Professor of 
Civil Engineering, Univ. of N. M., Albu- 
querque, N. M. M. C. May, Roy Taft. 

Thomas, John H., Assistant Professor of 
Mechanical Engineering, Univ. of Okla., 
Norman, Okla. F. S. Roop, R. V. James. 

Tuma, Gerald, Assistant Professor of Elec- 
trical Engineering, Univ. of Okla., Nor- 
man, Okla. F. S. Roop, E. F. Dawson. 

Turkincton, Donald B., Assistant Profes- 
sor of Mechanical Engineering, Univ. of 
Okla., Norman, Okla. F. S. Roop, R. V. 
James. 

Wise, Edwin M., Manager, Apparatus 
Dept., General Electric Co., Houston, 
Texas. J. M. Waters, L. B Ryon. 
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CHEMICAL ENGINEER q - 

The Story oj ]\' 

John Stiefei i 

After receiving his B.S. in chemical ^ ^ 
engineering at the University of Illinois ' \ 
in 1942, John Stiefei went into the Army 
Chemical Corps, landed in the sixth wave on 
D-Day, mortared the Nazis, got mortared 
himself, and came out with a Purple Heart, 

.1 Bronze Star and a great eagerness to get 
back to the practice of non-dectructive 
I chemistry. 

He spent three weeks travelling from one 
I employment interview to another. In the 
end he decided on General Electric — partic- 
ularly the Air Conditioning Department in 
' Bloomfield, N. J. 

“I figured,” he says, “that a company 
like G.E., growing outside of purely elec- 
trical projects into such chemically based 
fields as atomics, paints, and plastics, would 
offer all the chemical opportunities I would 
want. I wasn't wrong.” 

At Bloomfield, John has helped staff the 
Works Laboratory and plan its expansion. 
He is now the laboratory’s Chemical Section 
Head and a consultant on chemical engi- 
neering problems for the Department. With 
further expansion underway in personnel, 
equipment and floor space, John’s job grows 
steadily. 

For your copy of “Careers in the Elec- 
trical Industry,” write to Dept. 237-6, 
General Electric Co., Schenectady, N. Y. 


m 


A chem •ngine«ring major al Illinois, John 
is now shaping up a chemical career in Hie 
G-E Air Conditioning Department 



As commander of Company A of the 87th 
Chemical Mortar Battalion# John hit the 
beaches early on D-Day# won five batHe stars 
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INTRODUCTION TO ELECTRICAL 
ENGINEERING 

By Robert P. Ward 

# Designed for •l•cfc^lcal enginooring maiort, this naw alamantary 
taxt furnishes a clear picture of the basic principles of electricity and 
magnetism, and shows how these principles apply to circuits and 
fields. It consistently uses the rationalized MKS system of units. 

# Each derivation of an equation is accompanied by a clear explana- 

tion of what that equation means to an engineer 

# A system of positive directions for all potential differences, cur- 

rents, and fluxes is employed throughout 

In the Prentice-Mall Electrical Engineering Series, edited by W. L. 
Everitt. 


DESCRIPTIVE GEOMETRY 

By John T, Rule and Earle F. Watts 

# Covering the elementary graphical theory applicable to engineer- 
ing problems, this text trains the student to solve such problems by 
the simplest graphical methods. The student Is not limited to one 
method of approach, since the authors believe that a knowledge of 
all systems is essential to developing the ability to select the 
simplest solution of any given problem. Note these features — 

# Inclusion of the properties of plane figures as a proper part of a 

textbook on graphical methods 

# A twenty-page discussion of stereoscopic drawing 

# Sixty-four correlated problems available in Watts and Goodrichs' 

PROBLEMS IN DESCRIPTIVE GEOMETRY. 

iiiiiiiiiHiiiiiiiiiiiiimmiiiiiiiiiimiiiMiHiiiiiiiiiu 

PRENTICE-HALL, INC, I 

NnilHllHllNiniiiimimiiiiiimHmnHinniiiuiiiilhiiiiiiimiHlII 
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Prentice- Hall takes pride in announcing 
the publication of 

FUNDAMENTALS OF ENGINEERING 
MECHANICS 

By Alvin Sloane^ Associate Professor of Applied Me- 
chanics, Massachusetts Institute of Technology 


# This is the first text in Prentice-Hairs Engineering Design Series 
edited by Professor John Hrones. 

This is a book that leaches. To develop organically his subject 
matter of statistics and dynamics, the author first establishes the 
"free body" philosophy as a basic theme, carefully avoiding the dog- 
matic presentation of laws and postulates. It is suited to both one- 
and two-semester undergraduate courses in applied or engineering 
mechanics. For the short course, there is a thorough treatment of 
all the topics usually studied. For two-semester courses, there are 
introductions to the subjects of virtual work, mechanical vibration*# 
and Mohr's circle as applied to moments and products of inertia. 

# Designed to arouse interest by stressing the student's cooperation 

with instructor and author as a participant in an interesting 
scholastic venture 

# Material logically developed, explaining the analytical background 

clearly, and presenting graphical solutions as a natural corollary 

# Over 500 graded problems, that test the student’s knowledge, 

simplify selection of assignments suitable to either one- or two- 
semester courses 

e Many carefully planned drawings and illustrative examples, de- 
signed to make discussed principles as clear as possible. 

SEND FOR YOUR EXAMINATION COPIES TODAY 

iiiiiiiiiiiiiiiiiiiiuiiimiiiiiniiiiiiiimmiiiiiiiiiiiiiiiH 

PRENTICE-HALl, INC, 
iiiiimimiimiiiiiiiiHiiiiiiiuiiinuiiimiiiiiiiiiiiiimiim 
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William Wirt Turner 

Professor and Head of the Department ot Kngineering Drawing, 
University of Notre Dame 


Out — 


Simplified Perspective 

A sound texlboLik on tfie theory and practice of pers[)ective drawing. Equips 
the ptudent to make architectural, mechanical, and production drawings such as 
the exploded views finding increasing use in manufacturing. • Construction pro- 
cedures are given on each drawing. Problems are solved in detail. 

243 pages, $5.00 


Freehand Sketching for Engineers 

Improves the sketching ability of students and engineers, teaches the theoiy un- 
derlying engineering drawing and trains in the reading of drawings. These work 
sheets are organized to show how to analyze problems, select the proper views to 
present the object clearly and completely, relate these views to one another, and 
annotate and dimension them correctly. Teacher’s Manual available. $2.50 

Basic Problems in Engineering Drawing 

Revised Edition. A series of work sheets based on third angle projection. It 
is in keeping with the prevalent trend of c'oordinating engineering drawing and 
descriptive geometry courses. Sheets include work (‘ommonly taught during 
freshman year. Teacher’s Manual available $2.50 

Basic Problems in Descriptive Geometry 

{written in collaborcdion with Carson P. Buck) 

A series of work sheets based on third angle projection, general in character, and 
prepared for use with any standard text in descriptive geometry which employs 
the direct or auxiliary plane method. Problems are practical in nature. Teach- 
er’s Manual available. $2.00 

The Ronald Press Company 

15 East 26th Street, New York 10, N. Y. 
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Irwin-Farnham 

^ook 

INTRODUCTORY PROBLEMS 
IN ENGINEERING 

BY C. W. CRAWFORD 

AGRICULTURAL AND MECHANICAL 
COLLEGE OF TEXAS 

% 

INTRODUCTORY PROBLEMS IN ENGINEERING is 
the first book of its kind in many years to he addressed to the 
freshman or beginning engineering student. It offers an en- 
tirely practical approach to an initial concept of the nature of 
engineering work, and it will bridge the gap which seems to 
exist between the average high school course and the basic 
engineering course in college. 

This book has been planned to bring the student into contact 
with the different branches of engineering, to show their rela- 
tionship to each other and the problems that are ])eculiar to all 
branches. Illustrative problems, check problems, and regular 
problems which support the text material throughout will ]^ut 
to practical use the various divisions of mathematics and science 
which the student has studied and is studying. 

INTRODUCTORY PROBLEMS IN ENGINEERING will 
satisfy the student’s desire for some actual engineering work in 
his first year and will also impress him with the fact that engi- 
neering demands analytical ability, neatness and good form, and 
a determination to solve the difficult problems that he will meet 
in the engineering profession. 

121 Pages Price $1.75 

IRWIN-FARNHAM PUBLISHING COMPANY 

aaoi SOUTH MICHIGAN AVENUE CHICAGO i6, ILLINOIS 
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Welding Trained Engineers 
Needed for Progress 


I NDUSTRIAL improvements and the way 
we learn to use them distinguishes our 
American society from the other and needy 
peoples of this earth. Our national production 
is largely accomplished through the use of 
steel . . . and arc welding, more than any 
other method, is making possible better and 
lower-cost fabrication. The steel-using world 
has yet much to gain through more widespread 
application of arc welding. 

The Bechtel Corporation continues to construct welded pipe- 
lines of larger diameters and higher pressures, requiring higher- 
strength steel. Also, in fabricating vessels and their piping, we 
are always confronted with new and complex welding problems 
to make this equipment serve under higher pressures and in- 
creased temperatures, and resist corrosion. 

In this work we need more and better trained men in the engi- 
neering field of welding. We look to the engineering colleges for 
young men with advanced training in welding engineering. 



Bechtel Corporation has built 
many welded pipe lines, such 
as this 24-inch line. 


President 

Bechtel Corporation 
San Francisco. Calif 



PubliMhed through the courtesy of The Lincoln Electric Company, Cleveland I, Ohio 
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AlotaJU^ PiimoH, RooUa. 

Tittvion 

AIRCRAFT MATERIALS 
AND PROCESSES 

357 Pages New Edition $4.75 

The loader in its field, this standard text has been brought fully up to 
date. All new materials and processes developed since 1941 are pre- 
sented. Aluminum and magnesium alloys, plastics and rubber, new 
welding and brazing techniques are included. Tyj)ical of many lauda- 
tory comments are the following: 

“ . . . admirably suited to our needs, not only as a text but as a well 
organized and well indcx'ed reference book.'^ Professor K. /. Pricker , 
Dept, of Aeronautics^ Georgia School of Technology. 

“ ... of real value to all those requiring coordinated information . . . 
even inelud(‘S basic data on materials that have not yet been fully ac- 
cepted but show promise. PIxcellent illustrations and drawings . . . 
appendixes contain extensive reference data.^^ —AeronauHcal Engineer- 
■ing Review. 

- • very w(»ll writt<‘n and a valuable aid to my instructors in thi* 

aircraft phase of our mechanics .school.” H. A. Sf cGlashon. Chief In- 
stnidor, St Louis School of Aeronautics. 


Bry.nt 6. Dickinson 

JIGS AND FIXTURES 
for MASS PRODUCTION 

222 Page. 6X9 $3.50 

This new book has })cen received with enthusiasm. It presents complete, 
authoritative information on the subject, covers plastics, pneumatics, 
and hydraulics as applied to tooling, and includes wartime developments 
such as the Master Tooling Dock. Here are repre.sentativc comments 
on its merits: 

“Appeals to me a great deal . . .like its concise approach, choice of illus- 
trations, and up to date applications to industry as a whole ... a job 
well done.” — Professor Carl C. Sievason, Dept, of Mechanicxil Engineer- 
ing, University of Notre Dame. 

“This text is well illustrated and its concise approach is good. Its ap- 
plication to industry is such that it can be readily interpreted.” — Pro- 
fessor Dan T. Jones, Engineering Shops Dept., Alabama Polytechnic 
InstitvUe. 


ifHsuUtd to, StttL ^o* C t tamiMati OH. 


2 Watt 45th St., 
Naw York 19, N. Y. 


PITMAN 


PUBLISHING 

CORPORATION 
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how to braze 18 pieces into 6 units 




f 

Cuccing costs by reducing assembly time is a neat 
trick . . . and here's how you can no it with induc- 
tion heating. 

The normal method of flame brazing this three- 
piece, steel tube assembly did as well as any other 
technique then available But production was pitifully 
slow. It took minutes to complete one entire unit 

By designing a jig like the one shown above, a 
simplified, efficient system was found to do the job 
The fixture held 6 complete units (18 separate pieces) 
in place firmly while a standard Westinghouse 20-kw 
generator brazed all six uniformly in 7 seconds! Final 
operation was so simple a girl could easily handle the 
assembly and brazing. 

The beauty of electronic heating is its unmatched 
ability to do all types of heat-treating jobs quickly . • • 
annealing, hajrdening, sintering, soldering, curing, 
bonding and molding. Ask your Westinghouse office 
today for all the facts on induction heating and where 
It fits your operations. Or write Westin^ouse Elec- 
tric Corporation, P.O. Box 868, Pittsburgh 30, Pa. 


HERE'S HEimil INEORMATION 

on both inducuoo and dielec- 
tric heanna . their principles 
and theories, where to use 
them, bow to select them, 
actual case histories of their 
use. Wfim for your copy today. 
Ask for B-Sd20, 
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A COMPLETE 


PRINTING 

SERVICE . . . 

Good printing does not 
just happen; it is the result of careful planning 
The knowledge of our craftsmen, who for 
many years have been handling details of 
composition, printing and binding, is at your 
disposal. For over sixty years we have been 
printers of scientific and technical journals, 
books, theses, dissertations and works in foreign 
languages. Consult us about your next job. 


PRINTERS OF THE 

fOURNAL OF BNOIMEERINO EDUCATION 


LANCASTER PRESS, Inc. 

PRINTERS . BINDERS • ELBCTROTYPERS 


SSTABLISHBD 1377 


LANCASTER, PA. 












